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<€—ae ‘Surface’ Furnace in- 

terior with Radiant Tubes 
installed horizontally above 
and below hearth. 


‘Surface’ Radiant => 
Tubes installed along sides 
of lift cover. Tubes are 
also located beneath the 
charge surface. 














SIMPLE IN DESIGN AND OPERATION 


The long and highly radiant luminous gas flame, which is the result of streamlining the flow of air and 
gas in parallel formation, without turbulence, is so produced to extend practically the entire length 
of the tube. A uniform, radiant heat from end to end is the result. A negative pressure or suction 
is produced by the eductor ot the discharge end of the tube. This makes it impossible 
for the products of combustion to escape and contaminate the furnace atmosphere, 
should a leak develop in the tube. Hence, where special atmospheres 

ore needed, expensive alloy muffles are no longer necessary. 


combined with ‘Surface’ research in the Science of Gas Chemistry has 
furthered development and made practical and economical use of 
prepared gases for greater metallurgical control (both surface and 

physical effects) in heat-treating practices. 
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@ The ‘Surface’ diffusion-flame fired radiant ‘Surface’ Radiant-Tube heating is efficient 


tube is an ingenious method of applying heat and economical. The tubes are readily remov- 





and eliminating objectionable combustion-gas able for maintenance purposes, and are often 


effects upon the treated metal. Tubes can be replaceable without furnace shut-down. Thou- ‘SURFACE 
ACHIEVEMENTS 
IN THE SCIENCE OF 


applications, ranging in lengths up to 150 feet tion in plants where modern heating practices GAS come 
HEAT T 


fabricated in many shapes to fit special furnace sands of ‘Surface’ Radiant Tubes are in opera- 


and in temperatures up to 1800° F. are being used. 


* SPECIAL ATMOSPHERE, RADIANT-TUBE FURNACES FOR 

», Gas Carburizing and Carbon Restoration (Skin Recovery), Cleo" 

* and Bright Atmosphere Hardening, Bright Gas-Normoa g ond 
Annealing, Dry (Gas) Cyaniding, Bright Super-F G 


Quenching, Atmosphere Malleableizing, Atmosphere orgind 
and Specific Effects upon Metal Surfaces. 


SURFACE COMBUSTION CORPORATION .- TOLEDO 1, OHIG 
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Cylinders ... Deep Drawn 


With Uniform Wall Thickness 





Principal Products: Bars + Floor Plate « Piling + Plates - 


Sales Offices 


Here is an achievement in deep drawing 
steel cylinders, 944° in diameter by 14', 
deep, formed without localized stretching or 
drawing down of the metal. 

The success of this deep drawing job, for 
which the specifications are unusually severe. 
results from the skill and ingenuity of the 
(,uver Metal Products ¢ orporation. Chicago. 
and the fine and uniform quality of Inland 
Deep Drawing Cold Rolled Sheets. 

The operations start with 20-gage, 2444-in 
diameter blanks. Final dimensions are at 


tained on the third draw, the cvlinders being 


straight from top to bottom and with uni- 
form thickness of metal throughout. Then 
follows another unusual operation, The 
trimmed edge is turned back to form a bead 
with two 20 deg. angles, 

Thousands of these evlinders have been 
Inland Cold Rolled Sheets. and 


breakage has been held to the minimum. 


made of 


When vou have a deep drawing or severe 
forming problem, eall for an Inland engineer. 
He will work with you in determining the 
steel best suited te your product and manu- 


facturing methods. 


Rails - Reinforcing Bors + Sheets + Strip - Structurals « Tin Piate + Track Accesse 
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38 S. Dearborn St., Chicago 3, Ill. 
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Wrought Heat Resisting 


Alloys for Gas 


Turbine Service 


Tue newer alloys which have been developed 
for the highly stressed rotating parts of gas 
turbines (which include jet propulsion “motors” 
and gas engine superchargers) cannot be dis- 
cussed in detail of analysis and properties because 
f security regulations in effect at the time of 
writing. However, the metallurgy involved in 
the development and application of these mate- 
rials can be reviewed. In this review a compila- 
tion has been made of the significant properties 
i the older alloys which are not under secrecy 
restrictions, many of which can be used in parts 
i! the new structures. In this article “base line” 
lata are presented which describe the properties 
| these older materials so that engineers can 
readily see if there is any possibility of using 
them in contemplated structures requiring serv- 
ce at high temperature and definite loadings, 
id so that the newer alloys can be properly 
valuated and compared by metallurgists and the 
lesigning engineers working on gas turbines and 
nachines for other types of extra severe service. 

(he writer believes that many of the older 
mpositions have potentialities for use in this 
lew and extended field which have not been gen- 
rally recognized, largely because data of the type 
resented herein have not been readily available. 
We have the strange, but not unfamiliar, situa- 
‘ion wherein a complete laboratory test story is 
Vailable to those who have a right to inspect the 
eeord on a number of new materials which are 
relatively untried in service, yet comparatively 
‘ew laboratory tests exist on similar materials 


By C. T. Evans, Jr.* 
Chief Metallurgist 
Elliott Co. 
Jeannette, Pa, 


which have been marketed for 
years on the basis of service per- 
formance! 

It is not the writer's inten- 
tion to minimize the importance 
and significance of the newly 
developed alloys, since the 
advances which have been made 
are well worth the tremendous 
effort which has been spent on 
their discovery and development. 
Since 1941 he has been a member 
of the Subcommittee on Heat 
Resisting Alloys of the National 
Advisory Committee for Aero- 
nautics, and in that time this 
group alone has made an inten- 
sive study of more than 100 new 
compositions. A number of these alloys have 
already been successfully applied to the gas 
turbine field. Additional work, done under the 
auspices of the War Metallurgy Committee and 
the National Research Council, has been equally 
comprehensive and successful. Fortunately, the 
entire development has been coordinated to avoid 
duplication, and has received the whole-hearted 
collaboration of the alloy steel industry which, 
in itself, has made enormous advances in the 
production of heat resisting alloys, both new and 
old, since the start of the war. 

We would not have the present attractive 
prospects of the gas turbine industry without 
new alloys for the highly stressed rotating parts 
However, it is obvious that where the loads o1 
temperatures are lower or less critical in other 
parts of the assembly, or where resistance to 
scaling is the only criterion, it will often be 
unnecessary to use these newer and usually more 
expensive materials. For instance, in the first 
Elliott gas turbine? the blades, rotors, shafts, 
bolts and some of the highly stressed duct work 
are from one of the newer alloys, but ordinary 
18-8 is used in other ducts and the sealing strips, 
25-20 and 28% chromium-iron in the combustion 
chambers, S.A.E. 4130 (1% Cr, 0.20 Mo) in ducts 
which withstand service up to 1000° F., nickel 

*Formerly metallurgical engineer, Universal! 
Cyclops Steel Corp., Titusville, Pa, 

+See the line drawing in “Metallurgical Problems 
in Gas Turbines” by J. F. Cunningham, Jr., in the 
September issue of Metal Progress, page 486. 
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tubes in the regenerator (also at 1000° F.) and 
ordinary carbon steel or gray iron castings in the 
compressor parts and adjacent ducts. 

The gas turbine above mentioned, operating 
at 1200° F. with an over-all thermal efficiency of 
about 29%, develops 2500 hp. (shaft). It is the 
first independent power gas turbine ever operated 
in the United States, and the first gas turbine to 
be built for marine purposes in the world. It has 
been accepted by the Navy after extensive tests; 
Ronald B. Smith and C. Richard Soderberg have 
described its operating conditions quite com- 
pletely', and although the 1200° F. cycle is justly 
considered a real achievement, made possible by 
the newer materials, additional plants are being 
built to operate at 1350° F. and 1400° F., and will 
The 
stresses in all these units are calculated at 6000 
to 8000 psi. max. and the expected life is ten 
years, so that the design requirements are exactly 
analogous to steam turbine practice. 


employ still newer and superior materials. 


IReferences on page 1095. 


Although a review of the data on the older 
materials will that many crilical 
parts of these new turbines must be made o! the 


demonstrate 


newer alloys, other parts can be designed with 
the older compositions, more or less standardized 
and we are not certain that even for the hi hly 
stressed parts it will always be necessary 
the scarcer and 1 
Ultimately, the power gas | 


' 


lirst 


desirable to use newer, 
expensive alloys. 
bine must stand on its own feet in economy 
cost), and we must learn to take advantage of 
every possible saving in cost and fabrication of 
raw materials. We must keep in mind that any 
new alloy must be consistently forged and other- 
wise fabricated in the large sizes required before 
it can be considered commercial. 

Also, we are somewhat chagrined to learn 
that our former enemies have apparently devised 
gas turbine structures without the 
benefit of new, super-strong materials. American 
engineering ingenuity will inevitably respond 
The for higher operating 


successful 


this challenge. need 


Table I— Composition of Wrought Heat Resisting Alloys 








TYPE NAME c MN 
0.30/0.60 
0.45 


Range: 0.10/0.20 
Typical: 
Range: 
Typical: 


Low Carbon 
Steel 
Carbon-Molyb- 
denum Steel 


1015 


C-Mo* 0.50 


Range: 0.50 
Typical: Al 0.45 
Range: <0. <0.60 
Typical: : 0.50 
Range: <0. <1.00 
Typical: A0 
Range: 00 
Typical: 50 
00 
40 
2.00 
00 


4/6 Chromium- 
| Molybdenum 
| 12% Chromium 
Steel 
18% Chromium 
Iron 
28% Chromium 
lron 
18-8 
High Carbon 
18-8 
Low Carbon 


502 


410 


430 


446 


0.08/0.20 
0.12 
0.08 
0.06 
<0.45 2.00 
0.40 .b0 
0.10 <1.50 
0.08 
<0.08 


Range: 
Typical: 
Range: 
Typical: 


302 
304 
Range: 

Typical: 


Range: 
Typical: 


17 Metal 
18-8 
Columbium?# 
18-8 
Molybdenum 


25-12 


325 
347 95 
2.00 
50 
00 
.50 


Range: 
Typical: 0.07 
Range: <0.20 
Typical: 0.15 
Range: <0.25 00 
Typical: 0.12 05 
Range: <0.25 2.00 
Typical: 0.20 1.50 
Range: <0.15 1.00 
Typical: 0.08 0.25 


316 
309 
310 25-20 
330 15-35 


Inconel Inconel 


0.30/0.80 | 0.20/0.50 | <0.050 | < 


S! | S P Cr OTHERS 
0.055 


0.040 


<0.045 
0.020 
0.040 
0.020 
0.030 
0.015 
“0.030 
0.015 
<0.030 | 14/18 
0.015 17.0 
<0.030 | 23/30 
0.015 26.0 
0.035 | 17/19 
0.015 18.0 
0.035 18/20 
0.010 18.0 
7/10 
8.5 
>18.0 
18.5 
>16.0 
18.0 


22/24 


0.20 | 
0.40/0.60 Mo 


0.50 Mo 
0.45/0.65 Mo 
0.55 Mo 


0.30 
0.50 
0.30 
0.75 
0.35 
1.00 
0.50 
<1.00 
0.50 
0.75 
0.35 
0.75 
0.60 


0.040 | 
0.030 
0.020 
0.030 
0.020 
0.030 
0.015 
0.030 
0.010 
0.030 
0.015 
0.030 
0.010 


4.0/6.0 
5.0 
10/14 
12.50 


0.60 
0.20 
0.60 
0.20 
<0.60 
0.30 
8/10 
8.5 
8/10 
9.0 
19/23 
20.0 
>8.0 
11.5 
>10.0 
13.0 


12/15 


0.10N 
0.125 N 


1.00 
0.75 
0.60 
<0.75 
0.60 
<3.50 
1.75 
<2.00 


1.75 


0.020 
<0.030 


0.020 | 

1<0.035 
0.010 0.020 
0.030 |<0.035 
0.015 0.015 
“0.030 |< 0.035 
0.015 | 0.015! 23.0 13.0 
<0.030 |<0.035 | 24/26 | 19/22 
0.015 0.015 24.5 20.5 
14/16 | 33/36 
15.0 | 35.0 
12/15 |>75.0 
13.0 79.5 


0.85 Cb 
2.0/3.0 Me 


0.20 0.020 
<0.50 


0.25 


0.020 


0.015 





*A.S.T.M. specification A182-44, Type F-1. 
718-8 Titanium (A.1.S.1. Type 321 with at least five times as much titanium as carbon) is generally 
sidered cquivalent to 347, but must be welded with 347 electrode, and has given trouble in the for 
castings and welded tubing. 
(a) Maxima are 0.50% copper and 9.0% iron; typical values are 0.20 and 6.5% respectively. 
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temp ratures is unavoidable if better thermal 
eflici ncies are to be had, but there need not 
alwa\s be corresponding increases in metal tem- 
peralures. Elaborate cooling schemes are pos- 
sible, along with other devices. The situation is 
somewhat analogous to that existing in valves for 
reciprocating aircraft engines, where the 13% 
-hromium, 13% nickel, 3% tungsten basic mate- 


rial must have a hollow stem filled with sodium 
for cooling, a stellited seat for hot wear resist- 
ance, a nichrome plated head for corrosion resist- 
ance, and the stem must be nitrided 
for wear In this way, a 
relatively inferior material is made 
to operate under conditions of tem- 


resistance. 


The molybdenum addition to 18-8 stems 
back to work about 18 years ago, but only within 
the last six years have we arrived at a full 


appreciation of its properties and, what is more 
important, learned to modify the analysis so that 
it can be commercially fabricated. 

The important automotive 
engine valve steels are not included in this tabu- 


and aircraft 
lation because these are special-purpose alloys 
which are not widely applied in other directions. 


The two most popular are silerome (‘' Cr. 


Table Il — Specific Gravity and Thermal Coefficients 
Coefficient of thermal expansion in in./in./°F. 
Coefficient of thermal conductivity 


10 “ 
in Btu./sq.ft./hr./’F./in 




















perature, corrosion, wear and stress E oes 

. , aaa -XPANSION IN RANGE: CONDUCTIVITY AT 
which would be considered impos- Type | PECIFIC 

sible from a study of the test data GRAVITY 179/600| 70/1200 | 70/1800 |212 | 392 572/752 | 932 
m the alloy steel itself. 1015 7.80 | 7.20 | 836 | 9.48* /346 

Accordingly, we proceed to a C-Mo 7.80 7.35 8.07 R.95* 
lescription of the older heat resist- 502 7.80 6.98 | 7.31 7.65* |254 250 245 238 | 234 
ing alloys and the tests and pro- 410 7.70 6.98 7.32 7.96 [174 180/186 193 
edures Which have been devised to 430 7.70 6.05 6.65 7.30 {181/182 182/182 182 
describe and evaluate the character- 446 7.60 6.05 6.67 7.96 [145 | 152) 159) 166 | 169 

. , . 302 7.90 9.83 10.40 11.2 113) 122 131 )139)149 
istics of materials for high tempera- 304 7.90 9.83 | 10.40 11.2 113) 123/132) 142) 150 
pet poce'y gag 325 8.00 | 9.44 | 9.75 | 10.2% 

Table I lists 15 of the standard 347 8.00 [10.20 | 10.9* | 11.7% |112 122, 133/143 154 
wrought compositions most widely 316 8.00 9.05 | 10.3* | 11.2% [108 145 
employed in heat resisting structures 309 7.90 8.75 | 10.3 11.4 104 
today. Although low carbon steel is 310 7.90 8.41 9.84 | 10.4 90 98.5) 106 104 | 120 
included primarily for reference pur- 330 7.90 7.91 9.03 9.98 a | Pe 
poses, it was the first “high tempera- Inconel 8.51 7.08 8.43 9.45 [107 115,123 134)144 
ture” alloy. Large quantities are *Extrapolated value 
still employed in piping, boilers 
“firebox and flange steel’), steam fittings, blower 3% Si) and the alloy containing 13% Cr, 18%% Ni, 
asings, and wherever temperatures can be kept 3% W. Their prime requirement is good hot 
to 1000° F. max. and stresses are of a low order hardness, which is not needed for most other 


not to exceed 2000 psi. at 1000° F. and £000 psi. 
at £00° F., if ten-year life is desired). Most of 
these materials have been available for at least 20 
years. Of course, improvements in analyses have 
been made; Table I lists present ideas about 
chemical limits. Some recent changes 
have been necessary to correct defects which 
showed up in service. For instance, the addition 
of 0.50% molybdenum to the 4 to 6% chromium 
steel greatly reduces its tendency to become brit- 
tle under load at temperatures above £00° F., and 
has enabled this relatively inexpensive material 


proper 


fo maintain its top position in tonnage used in 
the petroleum industry. 

The columbium addition to 18-8 is likewise 
a relatively recent improvement, necessitated by 
premature service failures from embrittlement 
r intergranular deterioration. This grade, and 
the similar tilanium modification, has been avail- 
ible for about ten years. 
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high temperature work, and is a property which 
does not correlate with the other more important 
properties, 
Table Il 
specific gravity, coefficient of thermal expansion 
and coeflicient of thermal conductivity 
tial information for the designing engineer. 
Table III describes the heat treatment, micro- 
structure, maximum temperature for continuous 


lists such physical constants as 


essen- 


exposure to the atmosphere (oxidation), corrosive 
properties and some principal applications, Oxi- 
dation resistance is very important, and is one 
of the first things which must be considered in 
high temperature service. 1 to 6° 

Cr-Mo (Type 502) shows higher creep and rup- 


For instance, 


ture resistance above 1000° F. than other straight 
chromium-iron alloys with higher chromium con- 
tents, but cannot be exposed to oxidizing condi- 
than hundred 
without being seri- 


tions for more a few hours at 


temperatures above 1150° F. 
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of tetraethyl lead per gal 


* Fuel is 10 cc 


dat id 


weakened by loss of 
1 thickness. 
very important point 
itioned in the preced- 
ing paragraph. The creep 
“stress-to-rupture” 
indicate the 
Type 502 


data which 
su riority of 
ib 1000° F. to such alloys 
Cr, 18% Cr, and 
Types 410, 430 and 
146, respectively) were 
obtained from tests which 
did not extend beyond 1000 
hr. In this length of time, 
the relatively poor oxidation 
resistance of Type 502 with 
mly 5% chromium did not 
affect the results sufficiently 
to warn against extrapola- 
tion of the curves to stresses 
for expected service life of 
wr ten years. 
If Type 502 were ini- 
tially stressed to 2000 psi. 
at 1200° F., it would appear 
from the creep and rupture 
curves shown in Fig. 5 to 9 
that even a structure with 
very close tolerances should 
last at least five years. 
Actually, however, the 
stress would gradually 
increase due to loss of metal 
and failure might 
months — a 
failure chargeable to oxida- 
tion rather than low strength 
of the remaining 
metal. 

This simple example 
indicates why the factors of 
stress, strain, time and tem- 
must be taken 
simultaneously with many 
other considerations in high 
temperature design and 
metallurgy. This is illus- 
trated by the square shown 
in Fig. 1. First, the design- 
ing engineer must specify 
his limiting conditions of 
Stress, strain, time and tem- 
perature and then the met- 
must the 
Proper material considering 
the factors listed within the 


live « 


section, 
occur in six 


sound 


perature 


allurgist select 
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Fig. 2 


Metallurgical Considerations 
the De- 
signer’s Demands (Outside of Square 


that 
acknowl 


square. It is well to note 


“unknown factors” are 
edged. This is a confession of igno- 
rance on the part of the metallurgist 
designing engineer must 
“tactor ol 


important 


which the 
include in his safety” 
used 


high 


alloys are 


The most tests 


today in the 
strength, high temperature 


as follows: 


evaluation of 


Oxidation 
Corrosion 
Short-time 
Stress-to-rupture 
Creep 
Fatigue 
Change of 
with time, 
and rate of 


tensile strength 


ductility under load 


temperature, stress 


strain. 


Typical Diagrams of Test Programs Containing 


Information for Design of High Temperature Equipment 
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Table IV — Mean Values of Short-Time Yield Strength (0.2% Offset) 





Room 800° F. 


ie 900 
TEMPERATURE 


TYPE 

42.500 
32.500 
27.000 
32,000 
31,000 
59,000 
41,500 
41,000 
34,000 
36,000 


23.500 
22 500 
20,000 
15,000 
14,500 
416,500 
31,500 
26,000 
28.500 
25,000 


1015 

C-Mo 
502 
302 
304 
325 
347 
316 
310 

Inconel 


24,000 
| 23,000 
| 20,250 
16,500 
15,500 
48,500 
32,500 
30,500 
29.000 
27,000 





1000 1100 1200 


20.000 
22.500 
18,000 
14,000 
14,000 
15,000 
31,000 
22 000 
28.000 
22,500 


14,000 
22 000 
16,250 
12.000 
12,000 
39,000 
28.000 
21,200 
26,750 
22.000 


10,000 
15,000 
12,250 
11,000 
11,000 
32,500 
26,000 
21.000 
25,250 


22,000 


1300 


7.500 
10,000 
10.250 
10,700 
11,000 
24,500 
24,000 
20.800 
22.000 
20,500 


1400 


3.500 
5.500 


10,500 
10,500 


20,000 
17,750 


19,000 


8.000 


1500 , 1600 


10,000 


18.000 
13,500 


19,000 








hig. 3 
mation for Type 502 Steel. In this and 


High Temperature Design Infor- 


the next two figures yield and elongation 


are from short-time tensile strengths. 
Creep is for secondary creep per 1000 
hr. Ranges include data judged reliable 

In preparing this manuscript a 
complete review of the literature on 
the 15 alloys listed in Tables I to III 
was made, and the above properties 
tabulated for material. The 
data were then critically appraised 


each 


with reference to heat treatment and 
composition, and the properly repre- 
sentative values plotted for each 


Stress, |O00 PS. 


alloy as illustrated in Fig. 3, 4 and 5 
for the 4 to 6% chromium steel plus 
molybdenum (Type 502), the low car- 
bon 18-8 (Type 304), and 25-20 (Type 
310). In this way the spread in data 
could be determined and what might 
be called mean values obtained which 
have been tabulated in Tables IV to 
VII for all the materials. Some of these 
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Temperature, F 


Mean Values of Elongation at Rupture in Short-Time Tensile Tests 





- Room : 
Tyre |i. cee! 800° F. 
TEMPERATURE 


900 
1015 
C-Mo 
502 
410 
430 
446 
302 
304 
325 
347 
316 
309 
310 
Inconel 


36.0% 
37.0 
37.5 
35.0 
32.0 
32.0 
60.0 
61.0 
32.0 
50.0 
60.0 
54.0 
46.0 
49.5 


35.0% 
28.5 
31.0 
24.0 
29.0 
18.0 
36.5 
16.0 
28.0 
40.5 
| 45.0 
49.0 
37.0 
45.0 


38.0% 
29 
30 


20 


p> R. 
17 
Boe 


45.0 


B, 
B. 
a) 

5 
U0 
3 


28.0 
39.5 
44.0 
47.5 

| 38.5 
42.0 





| 


1000 | 1100 | 1200 | 1300 
59.5% 
68.0 
60.0 
62.0 
67.0 
63.0 
| 32.5 
36.5 
46.5 
51.0 
33.5 


54.0% 
51.0 
51.0 
53.0 
61.0 
47.0 
32.0 
38.5 
| 37.0 
44.0 
| 33.0 
| 31.0 31.0 
28.5 | 28.5 
5.5 | 7.0 


5 of 
oe 
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56. 
10. 
12.0 
41.0 
50.5 
26.5 
| 31. 
40.5 
30.0 
37.0 
36.5 
38.0 
35.0 
16.0 


12.5% 
31.0 
35.0 
28.0 
37.0 
16.0 
34.0 
43.0 
27.9 
38.5 
42.5 
16.0 | 
39.0 | 


37.5 


1400 


69.5% 
$2.5 
68.5 
68.0 
70.0 
| 179.0 
34.0 
| 33.0 


35.0 
31.0 
31.0 
12.0 
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representative data 
turn, been plotted in 
10 so as to graphically 
mp the different mate- 
will be observed that 
J] the desired information is 
lable on each composi- 










The importance of oxida- 





tion and corrosion testing has 
ready been touched upon, 
with limiting temperatures 
being listed in Table III. A 
brief description of each of 

















- the other tests is given 
~ OU below : 

Short-Time Tensile Test 

” This is the oldest high 

iemperature test and is still 
widely used, although it has 
603M been generally discredited as 
a method of getting useful 
<#P information on materials for 
50 YEE service for any length of time 
UF above 1000° F. If the tests are 
» carefully run under close con- 
- trol of temperature, rate of 
loading, and application of 
- strain, the yield strength deter- 
” mined by the offset method 









lata as in Fig. 3, 4 and 5. 
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can be plotted with the other high temperature 
In this way, the tem- 


Fig. 4 High Temperature Design Information for Type 304 Steel 
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perature at which the creep strength for a second- 
ary rate of 0.10% per 1000 hr. exceeds the 0.2° 
offset yield can be determined, and designs 
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based on the short-time yield strength may 
be considered reliable below this tempera- 
ture. In ferritic materials this temperature 
is about &00° F. 
about 950° F. 
Where the 

able, per cent elongation was also plotted 
and the “mean” values tabulated 

) (Table V) along with the 0.2% offset 
yield strengths for the various alloys 
(Table IV). This 


information for hot working or form- 


and in austenitic materials 


information was avail- 





furnishes useful 





2 ing; dips in the curve or data out of 
line often give warning of tempera 
ture zones in which the alloy has a 
tendency to become brittle 


The early records a 


literature 





Fig. 5 — High Temperature Design Information for 
Type 310. 
in heat treatments; high creep and rupture values 
above 1000° F. 


Abnormal spread is due to difference 





are from material water quenched 
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1400 


J a d ; 
1600 from 2150° F.; the low values are for material 


air cooled from 1700° F. (Reference 10 



































Fig. 6 — Relation Between 1000-Hr. Life to 
Rupture and Temperature for Several Alloys 


number of attempts to correlate short-time ulti- 
mate tensile strength with long-time creep infor- 
mation, but this is not a reliable procedure. 
Figures for modulus of elasticity are sometimes 
obtained from short-time tensile tests, but a more 
reliable method is by use of a tuning fork, to be 


1000 PS/ 


described later. 
Stress-to-Rupture — Early investigators made 


Dl-O 
od, 


Le 


stress-to-rupture tests, but did not appreciate the 


> 


c 
U 


significance of the data obtained, so that general 
interest in this type of testing has only occurred 
within the last ten years. An excellent paper by 
Clark, White and Hildorf? appeared on this sub- 
ject in 1938. This is now the commonest test 
for high temperature strength and is generally 





considered to give the most useful information. 





=: . ln 
Figure 2a shows a typical stress-to-rupture O00 


plot, using data obtained with static breaking 
loads of decreasing size applied to fable VII — 


a set of specimens at a given tem- Stress for Secondary Creep Rate of 0.01% in 1000 Hr. 





perature. The rupture times are Type |800°F.| 900 | 1000 | 1100 | 1200 | 1300 | 1400 | 150 
plotted against stress to give a 
straight-line relationship on log-log 1015 = 12,500) 8,500) 3,500 800, 300 

C-Mo /|21,000/12,000) 8,500 > 2,000 900 
“ : : ; 502 19,000} 15,750! 8.500) 3,500) 2,000 | 1.500 

rhe short-time tensile test is 410 16,000! 10,000! 3,500! 1,000 750 

really the first point on a stress- 430 7,000' 4,500! 1,600 | 1,000 
rupture curve. Smaller loads are 446 1.000 500 
302 9,500; 7,800) 6,500 | 4,300 | 2.300 RI 
304 24,500| 17,000 |} 11,250! 7,250) 4,000 | 2,250 1,500 | 1,250 
: 325 20,000) 9,500 5,500 | 3,500 | 2,000 80 
1000 hr. The longest tests ordi- 347 12,000! 8,000 | 2,000 
narily do not exceed 2000 hr. On 316 15,000! 12.000; 7,000 | 4,000 | 2,700 | 1,50 
tests of over 200-hr. duration the 309 10,000 

310 11,000; 8,750) 6,250 | 5,000 | 4,000 

330 20,500 | 14,000) 8,000 | 4,000 
Inconel | 48,000 | 28,000 | 14,000! 6,000 


coordinate paper. 


then chosen in succession to give 
longer rupture times up to about 


continuous elongation of the speci- 
men is usually measured, from time 
to time, so that accelerated creep 
data are obtained. *Stock with 0.15% carbon 











This test gives reliabk 
Table VI — Stress for Secondary Creep Rate of 0.10% in 1000 Hr. data for high temperatur 
structures which need on 
Tyre 800°F.| 900 | 1000 | 1100 | 1200 | 1300 | 1400 | 1500 1600 last 1000 hr. or less at fu 





1015 | 20,000;12,000) 5,500; 1,000 500 heat, and where relative 


C-Mo_ | 27,000) 19,000} 13,000; 4,000) 1,800 large clearances are prov ide 
502 | 29,750 | 18,250 | 13,250! 8,000) 3,500 It also furnishes much ge! 
pe $0,000 | 10,000) 4,500) 2,000 , eral information on the hig! 
430 8,500) 5,100; 2,100) 1,500 800 
446 17,000; 6,000; 3,000) 1,500 500 200 
302 21,000) 14,000/10,000 | 8,500 | 4,000; 1,000 alloy and is highly useful 
304 37,500 | 28,000 | 19,500) 14,750) 7,500) 4,500) 2,750) 2,000 discriminating between ma‘ 
325* 25,000; 11,000; 6,000 4,000 | 2,500) 1,200 rials and heat treatments 
347 22.500) 19,000'10,500 | 3,800 | 2,500 

316 24,000) 19,000'12,800 | 8,000 | 5,300 | 3,300 
309 17,000) 13,000; 8,800 | 4,500} 2,000) 1,200 
310 19,000) 15,500 10,000 | 4,500 | 2,250 | 1,000 | time, compared to other hig! 
330 | 24,000! 16,000 9,500 | 5,500 | 3,500! 2,000) 1,500 temperature tests. 

Inconel | 39,000 | 22,000; 11,000) 5,500, 4,000 | 3,000 | 2,000 | 1,500 Most of the stress-to-rup 


ture work has been d: 


temperature behavior o! th 


’ 


large amount of data can! 
built up in a relatively sho! 











*Stock with 0.15% carbon 
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the newer materials, but data for seven of the 
older alloys are listed in Table VIII and plotted 
in Fig. 6 and 7. It is common practice to 
Hextrapolate stress-to-rupture data to give theo- 
retical values for rupture at 10,000 and 100,000 
hr., but this can be a very dangerous practice, 
due to the fact that nearly all high temperature 
materials tend to become brittle under load and 
change their microstructure as time goes on; 
premature failure may result accordingly. Pro- 
gressive oxidation or corrosion also may not be 
fully detected in these relatively short-time tests. 

Changes in the slope of the stress-to-rupture 
curve indicate either surface instability (oxida- 
tion) or structural instability (carbide precipita- 
tion, grain growth, phase change). When these 
changes are detected in the tests up to 1000 hr., 
proper Warning is given, but there is no guarantee 
that the slope of the curve will remain the same 
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Table VIII — Stress-to-Rupture in 1000 and 100,000 Hr. 








Fig. 7 — Extrapolated Values for 
100,000-Hr. Life to Rupture 


as time goes on. Here again the engineer must 
resort to his factor of safety. 

The tendency of a material to become brittle 
under load at a given temperature is demon- 
strated by the change in the elongation and 
reduction in area of the rupture specimens, This 
is caused not only by structural instability, but 
also by strain-hardening effects if the tests are 
below the recrystallization temperature. In aus- 
tenitic materials, it is not uncommon for an 
elongation of 25% and reduction in area of 30 
in the short-time tensile test to be reduced to 
about 3% and 5%, respectively, after 1000 hours- 
to-rupture. The problem of anticipating how far 
this loss in ductility may progress is one of the 
most vital in high temperature design, and will 
be further discussed. The problem is not nearly 
so acute in ferritic materials for service up to 
1000° F. as it is in austenitic materials for service 
above this temperature. 

Figure 2b (page 1087) shows how the slopes 
of stress-to-rupture curves vary with temperature. 

Creep — This test is so familiar as to warrant 
only brief mention. The common form of creep 
curve is illustrated in Fig. 2c. When a number 
of secondary stress-elongation rates have been 
determined, the data assume a straight line form 
on log-log paper, as illustrated in Fig. 2d. In 
contrast to stress-to-rupture data, the creep 
curves for various temperatures are generally 
parallel, although two groups of curves, each 
with parallel slopes, often exist-——one for tem- 
peratures above and the other below the recrys- 
tallization temperature. Large amounts of creep 
data exist on the older alloys, and the mean 
values for all 15 compositions are listed in 


Tables VI and VII. 


Some of these values 









Stress for Rupture in 1000 Hr. 


1015 | 12,000} 6,500; 2,700) 1,500) 900 
502 19,000/ 11,000; 6,000 3,250; 2,000 | 1,500 | 
















Stress for Rupture in 100,000 Hr. (Extrapolated) 
1015 | 3,500) 800; 500) 500 300 











Type | 1000° | 1100° | 1200° | /1300° | 1400° | 1500° | 1600° 


310 | 30,750 | 20,500 | 13,250} 7,750) 4,500 | 3,000 | 2,250 


are plotted in Fig. 8 and 9. 

Since creep tests are made under very 
close control of temperature, and _ since 
strain is very meticulously measured, many 


engineers feel that the results are too con- 


446 7 : : : . 

304 | a ee “om en = servative, particularly since only a few 
: 500} 9,250; 6,5 500 | 2,75 Re I SE 

$47 27,500 | 20,000 12'500 | eee neg are de winareiel for « epeeranr 
316 25,000 | 18,000 | 11,000 | 7,000 | 4,000 operation at temperature and constant 


stress. It should be kept in mind that we 
know very little about the effect of Nuctuat- 
ing temperatures and stresses, yet what 





502 14.500 | 7,000) 2,500) 1,500! 1,200 | 1,000 | little we do know indicates that fluctuations 
446 | 2,000; 1,500; 900) 500); 300 are harmful! Unfortunately, most creep 
304 8,500} 4,000/ 3,000 | 1,500 | 1,300 tests are run for only 1000 hr., so here 
= 16, 500 | 11,000/ 4,900 | | again extrapolations to longer times and 
~ 7 | 12,500 9,000) 4,200 | 1.500 | 500 higher rates are uncertain, although widely 
310 | 15,500/ 10,000} 5,500 3,000) 2,500 | 1,000 | 750 S ' 5 : 
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employed. 




























The best recommendation for creep data, as 842° F. was completed by the General Ek 
far as gas turbine design is concerned, is that on S.A.E. 4330 steel (0.31% C, 2.05% N 
creep has been the successful basis of design for Cr, 0.45% Mo, 0.54% Mn, 0.11% Si)*. A 
steam turbines to operate up to 950° F. with an 25,000 psi. gave evidence of third stag 
expected life of at least ten years. after about 70,000 hr., but stresses of 

The designer usually picks the stress which 17,000, and 13,000 psi. gave constant 
will result in a secondary rate of 0.001% per ually reducing) secondary creep rates for 
1000 hr., or applies a factor of safety of 50% to test period of 100,000 hr. 





40 -—— High Temperature Fatigue 


A review of the literature will sh 
that the subject of high temperature fatig 
has been generally neglected. The ava 
able information is plotted in Fig. 10. 
will be observed that the data apply or 
to six compositions; the authority is not 
on the curves. 

The lack of data is due to three pr 
cipal reasons: (a) The difficulty of testing 

principally bearing troubles; (b) 1! 





5% 0m, "0 , : Mo (3) wally - ame needed to establish an S-\ 
(502) : . curve showing an endurance limit; an 
IS -35 (350. c) the assumption that at temperatur 
20» _ | above 800° F. high temperature materia 
will fail by creep or simple rupture rath: 
than by fatigue. Since service experience: 
have demonstrated that this third assum; 


1000 Pi. 


tion is unwarranted, interest has be 


7 
, 


revived in high temperature fatigue. 
Fortunately the Westinghouse Elect 


a 
S 
WY 


Corp. has developed an excellent high ten 
perature fatigue machine, which employs 
a fixed cantilever, constant deflection pri 
ciple vibrated by a_ balanced electron 
system. This rugged unit, without beat 





ings, does not have the operational diflicu 
ties of the older rotating beam or rotating 


‘) 
' 


O = | spring machines. Its frequency of 7 
800 1000 a Eg) cycles per min. is also more than doul 
Temperature. F that obtained previously. Data from this 

machine are now available for Type 4! 

Fig. 8 — Stress for Secondary Rate of Creep of 0.10% the ‘ 


in 1000 Hr. as It Varies With Temperature and Alloy. 
In the lower temperature range it is probably safe 
that this also holds for 1.0% creep in 10,000 hr. 








upper of the two curves for this 
alloy in Fig. 10. 

The alarming thing about high ten 
perature fatigue testing is that it is impos 
sible to establish the horizontal line on t! 
the stress which will produce a creep rate of S-N diagrams (stress vs. number of 
0.01% in 1000 hr. “First stage creep” (Fig. 2c) within any reasonable time above 800° F. 
is ordinarily disregarded. The extension in this noted for the 12% chromium alloy at 1000 
first stage is usually about equivalent to the the curve is still falling at 500,000,000 cy« 
extension in the secondary stage for about 1000 (1158 hr.). In other words, there is n 
hr. A change in slope upward of the secondary defined endurance limit above 800° F. 
rate has been named the “transition point”, and covered. Accordingly, the metallurgist 
indicates that third stage creep is beginning and give the designer the limiting stress below 
fracture may result quite abruptly. the alloy will not fail from fatigue at 

In 1942 a series of 100,000-hr. creep tests at temperature. 
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| | | problem is closely associated with high 















































0.836 | temperature fatigue. 
Lress i | QO) % o Creep in 1000 Hr Damping capacity appears to be an 
€ cree ( — a _| a | inherent characteristic of each alloy, and 
21.000 4 : \ | is relatively unaffected by heat treatment 
ir grad. \ 88 fe ¥ —— | or other processing variables. It is much 
the fy 204) higher in the ferritic materials than in the 
on 24 \ a oll | | austenitic alloys. 12% chromium steel has 
ae \ \ i | one of the highest damping capacities 
1 > | 48 351330) | known, and this may account, in part, for 
| Na\ \ | * its success as steam turbine blading. 
il show x Tat + None of the austenitic compositions 
fatign : 1 (51. >) \\ have good damping characteristics above 
: avail \\ WN 900° F., and their ability to damp gradually 
10. | ,| a W decreases with increasing time. . 
ly onk v1 AL VW Damping capacity is ordinarily deter- 
S$ note \ y mined by use of a tuning fork; vibrations 
i \, are set up and the length of time noted 
€ prin- | ak for the vibrations to be damped out. These 
testing NY tests also yield information on high tem- 
b) the Ob Carbon Stee!» a perature modulus of elasticity. The modu- 
an S\ (1015) | i ee "2% bri4i0) 5 eee: lus at room temperature can be accurately 
t: and when 7000 P00 00 determined by ordinary tension measure- 
atures OUL i ments and, upon heating, the frequency of 
Lerials lEMPeraturé, F the tuning fork will vary in proportion to 
rather Fig. 9 — Stress for Secondary Creep Rate of 0.01% in the reduction in modulus. | 
homens 1000 Hr. as It Varies With Temperature and Alloy Creep Relaxation — Figure 2e illustrates | 
sump a typical step-down creep-relaxation test. 
; been Mm Since all gas turbine structures are subject to Consider a bolt: The dotted horizontal line 
fluctuating stresses, a great deal of additional labora- represents the initial bolting strain (room 
lectri tory work must be done on high temperature fatigue temperature) which is, of course, directly 
h tem before these doubts are cleared up. proportional to the stress. Since the relaxa- 
nploys tion test is used to evaluate the utilily of 
| prin- & Special Tests an alloy for high temperature bolting serv- 
troni ice, we are interested in finding out the 
beat A number of special tests are applied to heat 
{Ticul- resisting alloys to determine their suitability for aehalane f a ——— 
tating unusual conditions. Two of these, which are of 60 a 4 _ 
7201 general interest, will be described below. = p TOES © 
loubl Damping capacity is sometimes described as the 7 1?% Cr (4/0) 
1 this HH “logarithmic decrement”. In plain language this is 50 Reference 8 7 Metal (325), 
e 4ll the ubility of an alloy to absorb energy through (8-8 (High C302) q 100.0000 
this internal molecular friction and hence to cease Reference 7\| S00000000 ‘ (007 | | 
Vibrating. Alternate pulsations, particularly asso- ~: 90 | emmertn th fa (158 HP); Ni 40000000 
tem- ciated with partial admission turbines, can build up x ee i, ~ \ — 
npos- high vibrating stresses which may result in failure. 8 18-8 (LOW CN304)F = Y \y \ 
n the Accordingly, the ability of a material to quickly Q 30 Rokren mes Hr) t ae y" 
“ mA . — ~ 3 ry 
‘cles damp out” these stresses becomes important. This 8 oat a xX ) (66: re 
As 5 B 43000000 ye 3 / 287 Hey 0000000% . ncine/ 
0 (96 Hr) ai 
a Fig. 10 — Fatigue Endurance Limit; Tests at High 20 - ae xl = 
yeles Temperature. Above 800° F. these curves indicate ' Lo, caro 2 otet!™~ . won000n | 
, (10/5) x 000~ 
we: trends only; actual endurance limit, if it exists, is lower. \ (470 He) 
dis- Tests made with Farmer rotating beam machine except En t Irance Limit | “SS 
inne for 1015 and the lower curve for 410 which were made } 22000000 (147 Hr} 
‘hic! with a rotating spring machine, and the upper curve for 0 = oe - 
sivel 410 which was made with a fixed cantilever machine. CG 200 400 600 800 1000 200 100 
Cycles and times of test programs are noted on curves Temperature, % 
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ultimate load to which a bolt will “relax” under 
this constant strain at temperature. In other 
words, we want to find out how quickly and to 
what extent the initial elastic strain is converted 
to permanent plastic strain. The residual elastic 
strain is, of course, what keeps the bolt tight 
and if this falls below the minimum design figure, 
the joint will leak. 

These tests may also be termed “restrained 
creep” tests. Stress A is larger than stress B, 
and so on, assuming that nothing happened dur- 
ing the period of higher stress that would modify 
its original ability to handle the lower stress. 
Secondary creep rates can then be obtained from 
the slopes of the curves for each stress. (As a 
matter of fact, the slope of the log-log plot of 
stress vs. rate of strain is usually somewhat 
flatter than the creep curve obtained from unre- 
strained creep.) 

The modulus can be obtained from the slope 
of Stress A. Finally, these values can be sub- 
stituted in the formula below, derived by E. L. 
Robinson of the General Electric Co., and the 
residual stress approximated after any given time 


> 


period: 
n-1 bsn 
VN i n-1)rEt 
n = slope of stress-rate log-log plot 
b = elastic ratio of system (1.0) 
nominal stress to cause creep rate r 
nominal creep rate, 10° in./in./hr. 
Young’s modulus (at temperature) 
time for residual stress, hr. 


Residual stress in psi. 


This formula gives good checks against a 
direct method for determining this property, as 
developed by N. L. Mochel, of the Westinghouse 
Electric Corp. In his method, a rigid frame of 
the flange material is employed through which 
an actual bolt is tightened up to the starting 
The assembly is then placed in a furnace 
for a definite time, and the bolt then removed. 
The experiment is repeated for various times. 
The lengthening of the bolt is plastic strain 
which, subtracted from the initial elastic strain, 
gives a direct measurement of the residual elastic 
strain. (The modulus at temperature must be 
known, in order to calculate the stress which 
would remain in the bolt at temperature.) 

When a large amount of 


stress. 


Design Factors 
stress-to-rupture data (with strain measurements 
and creep information is available on a material, 
designer’s curves can be constructed as in Fig. 2f. 
This method of plotting data gives the designing 
engineer a great deal of information for a given 
temperature. If he expects his structure to last 
ten years, as in power plant gas turbine design, 
he will stay far away from the “transition point” 


curve, and may have to limit his stresses to ), 
0.1% line to be sure his clearances will alwa, 
remain within tolerance. 

A more important reason why stresses shoy\; 
be chosen which will not permit extensive , longa 
tion over time periods above 1000 hr. is that y 
know so little about the ability of a materia] | 
deform for a long time without premature frae. 
ture (that is, from low ductility). If we caley. 
late that after ten years we have not asked thy 
material to deform more than 1%, we assum 
we are relatively safe, and we have a large back. 
ground of experience in the steam turbine indus 
try to warrant this assumption. 


Table IX — 
Ratios, Creep Strength C to Rupture Strength R 





|C (1% 1N 100,000 Hr.) | C (1% 1N 10,000 Ha.) 


| NEES = ome 


| R (100,000 Hr.) * 


a R (1000 Hr.) 


—4 


1500° F. 


1200° F. 1500° F. 1200° F. 
502 0.80 0.58 

446 0.50 0.376 
304 0.47 0.65 

347 0.725 0.525 
316 | 0.56 0.512 
310 1.14 0.755 











* Extrapolated 


It is desirable, however, to make a large 
number of stress-to-rupture tests with relatively 
short times and high loadings, since we need a 
maximum of information in the shortest possible 
time. Table IX indicates the ratios of creey 
strength to rupture strength for six alloys al 
1200° F. and 1500° F. These data would indicat 
that we can apply a factor of 50% to the extrapo 
lated rupture 100,000-hr. life |! 
predict the creep strength for a secondary ral 
of 1% per 100,000 hr. 
a similar factor applied to the rupture strengl! 
for 1000-hr. life will predict the creep strengl! 
for a secondary rate of 1% in 10,000 hr. Fortu 


strength for 


There are indications that 


nately, these factors seem to increase as th 
temperature is increased. 

Nevertheless, the writer believes that 
important to secure creep information for a 
time at low stress once the lambs have been se 
rated from the sheep by stress-rupture té 
For one thing, a material, or a given form 
material, may be relatively much better fo 
stress service than it appears to be from its 
at high stress. 

Figures 3, 4 and 5 should be restudied 
light of our preceding comments. In part 
it should be noted that with the exception 


fatigue endurance limit and 0.2% offset yi 
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18-8 (where only one set of values was available) 
the properties just discussed cover a rather wide 
spread on the graphs. It is highly important to 
recognize that this spread exists, and we are not 
thoroughly familiar with the characteristics of a 
high temperature alloy until the limitations of 
these “normal” variations have been established. 
After critically examining a large amount of the 
data on the 15 older compositions, it is the 
writer's opinion that a normal spread in stress-to- 
rupture properties can be as much as 50% of 
maximum, and that there may be as much as a 
\00% spread in the more sensitive property of 
stress to produce secondary creep of 0.01% in 
000 hr. These statements apply particularly to 
temperatures above 1000° F. 

Figure 5, for 25-20, shows an “abnormal” 
spread purposely caused by heat treatment.’ 
However, the profound differences applying to 
bars air cooled from 1700° F., as against bars 
water quenched from 2150° F., could easily apply 
between large and small sections as water 
juenched. It is often difficult to determine 
whether a deviation is “normal” or “abnormal”, 
ind the metallurgist must learn to understand 
ind control the factors causing these deviations. 

In addition to analysis (which may often be 
f secondary importance), heat treatment, section 
size, method of fabrication, and melting practice 
may cause wide deviations. 

This study is concerned only with wrought 
materials, but it should be mentioned that cast- 
ings of a given analysis usually have superior 
properties to the wrought alloy at temperatures 
above 1200° F. At the present time, however, 
castings are not being specified for long-time 
vervice under high and complex loading, because 
they cannot be fabricated reliably. As a matter 
f fact castings are employed widely in the low 
stressed parts of high temperature equipment 
md structures, and for parts loaded to high 








stresses where relatively short service life is 
required; interest will continue at a high level 
because of their relative freedom in analysis and 
form. Likewise, it should be stated that heat 
treatments which produce large grain size are 
favorable for resistance to deformation at work- 


ing temperatures above 1200° F., but unfavorable 
to retention of ductility. 


Conclusion 


In this paper the metallurgy involved in the 
development and selection of high temperature 
alloys, especially for gas turbine service, has been 
examined. It has been found that if premature 
failure is to be avoided numerous and complex 
factors must be taken into account. In particu- 
lar, ability to resist deformation (high rupture 
and creep strength) must be balanced against 
ability to relieve stress concentrations and to 
deform (high ductility). 

Short-time tensile, 
and fatigue data have been presented on 15 of 
the older alloys, along with physical constants 
and information about oxidation resistance. 
Although applications of these older materials to 
the rotating parts in the rapidly developing gas 
turbine field may be relatively limited, it is 
believed they will be liberally applied in other 
parts of the structure. Note also the widespread 
use of 18-8-+columbium steel in tail pipes, 
18-8 + molybdenum steel in supercharger nozzle 
boxes, and inconel in the combustion chambers 
in recent jet engine and aircraft turbosuper- 


stress-to-rupture, creep 


charger designs. 

The metallurgy of the newer materials, 
which will soon be generally available, is logically 
based on the older analyses discussed herein, so 
that this article may establish base line informa- 


tion by which the new “super alloys” can be 


properly evaluated and compared. ] 
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Roentgen Observing Fluorescence Caused by Rays From Screened Cathode 


‘TF the discharge of a fairly 

made to pass through a 
through a Lenard tube, a Crookes 
apparatus which has 


tube, or othe 
sufficiently 
exhausted, the tube being covered thin, black 
card-board which fits it with tolerable closeness, and 
if the placed in a completely 
darkened room, there is observed at each discharge 
a bright illumination of a paper screen covered with 


been 
with 


similar 


whole apparatus be 


barium platino-cyanide, placed in the vicinity of the 
The most striking feature of this 
phenomenon is the fact that an active agent 


a black card-board envelope which 


induction coil. 
here 
through 
is opaque to the visible and the ultra-violet 
We soon discover that 
though in 


passes 
rays of 
the sun or of the electric arc. 
all bodies are transparent to this agent, 
different Thick blocks of 
transparent; a single sheet of tin-foil is also scarcely 
perceptible it is only after have 
been placed over one another that their shadow is 


very degrees. wood are 


several layers 


large induction coil be 
Hittorf vacuum tube, or 


© G. E. 


Tube 


X-Ray ¢ 


distinctly seen on the screen. If the hand 
between the discharge tube and the screen, the 
of the bones is seen within the slight 
shadow-image of the hand itself. Lead of a tl 
of 1% practically cpaque Ul 
significance in many respects is the fact th 
graphic dry plates are sensitive to the X-rays 
ever it has been possible, therefore, I have « 
by means of photography important 
tion which I have made with the eye 


shadow 


mm. is 


every 
by me 
fluorescent screen I possess, for instans 
graphs of a set of weights enclosed in a | 
piece of metal whose lack of homogeneity 
X-rays, etc.” 

Rays”, 


noticeable by means of the 
from a New Kind of 
Roentgen, published in the Proceedings 
ical-Medical Society of Wiirzburg, Dec 
(Translation by G. F. Barker for Harper's 
Memoirs”, reprinted in “A Source Book in ! 
McGraw-Hill Book Co., 1935, page 600.) 


paper “On a 
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1895 


HE WORLD commemorates this month the 

50th anniversary of that momentous event 
when, on November 8, 1895, a professor of phys- 
ics at Wiirzburg Physical Institute established 
the existence of X-rays. 

Exactly how WILHELM Konrabp ROENTGEN 
did discover these mysterious radiations is a 
matter which biographers have not succeeded in 
clearing up, but it is certain that he was the first 
to appreciate their significance and to differ- 
entiate them from the various types of radiation 
produced from early vacuum tubes. He was no 
lucky bungler, but a conscious explorer, proceed- 
ing with methodical steps toward the identifica- 
tion and isolation of a strange phenomenon. 

GLASSER, a thorough and careful biographer, 
points out that ROoENTGEN was repeating the 
experiments of Hertz and LeNnarp with cathode 
rays, and “following LENArRD’s suggestion, he had 
covered the Lenarp tube with black, opaque 
paper and had observed the fluorescent effect of 
the rays which passed through the paper on to a 
screen”. It was later, when he applied the same 
technique to a Hirrorr-Crookes tube, that he 
discovered rays which would penetrate not only 
the paper cover but also other objects interposed 
between the tube and the screen. 

Thus, RoeNTGEN did not originate X-rays 
the tube did that), nor was he the first to observe 
the fluorescent effects of rays produced by 
vacuum tubes. However, he was the first to 
bserve and to note the significance of a type of 
lischarge which could (as only he had demon- 
‘irated) penetrate almost all substances. 

Jackson, Hirtorr, Gotpstein, LeENARD and 
thers, according to GLasser, had all observed - 
hut had not explained — the fluorescence of cer- 
‘ain materials when placed near Hirrorr-Crookes 
lubes. Usually, they were preoccupied with other 
problems and did not explore this phenomenon 
‘urther. Moreover, it must be pointed out that 
Lenanp, who had progressed far in his experi- 
ments and who had suggested placing the black 
paper over the tubes, had used a material on his 
‘creen which is not affected by X-rays but one 
Which reacts strongly to cathode rays. 

ROENTGEN’s decision to use a barium platino- 


X-Rays’ Golden Jubilee 


1945 


cyanide screen, which is affected by X-radiation, 
was based on the fact that this material had been 
successfully used “to reveal the invisible rays of 
the spectrum, and I thought it a suitable sub- 
stance to use in detecting any invisible rays a 
tube might give off”. It can be seen that, since 
so many men had been working with X-ray with- 
out knowing it, all the more credit is due for his 
clear-headed, scientific elucidation of the subject. 
(As a side issue, it is interesting to note thal 
HELMHOLTZ many years before, in his electro- 
magnetic dispersion theory, had predicted the 
existence of X-rays and even described some of 
their properties.) 

Several factors had to be present 
ROENTGEN could culminate the process which 
produced his discovery first, the high voltage 
induction coil developed by RuHMKorFF; second, 
the observation by Hirrorr of rays emanating 
from cathode tubes; third, Crookes’ perfection 
of a tube with high vacuum; and fourth, the 
experiments of LENaArD, already noted. 

ROENTGEN’s classical approach is epitomized 


before 


in his own now-famous words, when queried by 
an American reporter: 

“And what did you think when you observed 
this (fluorescent) effect?” 

“I did not think,” he responded, “I investi- 
gated!” 

This was his attitude throughout his entire 
life, for he resolutely avoided being dragged into 
rash predictions concerning the applications for 
X-rays, since these might have exposed him to 
the attacks of others, whom he would be forced 
to answer in time-consuming defenses. He 
wished, rather, to be left to continue his research 
in X-radiation and other physical problems. He 
adhered to his principles without deviation, and 
produced many outstanding papers on subjects 
ranging from “Soldering Platinum-Plated 
Glasses” to “The Conductivity of Electricity in 
Several Crystals and the Influence of Irradiation 
Upon Them”. 

His success in the realm of physics is strik 
ing testimony to the short-sightedness of his 
early educators, who expelled him from the Ger- 
man equivalent of high school at the age of 16 
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for refusing to tattle on a classmate guilty of a 
minor prank. Needing high school credits for 
entrance into the University of Utrecht, he took 
a private tutor, but a man who had taken part in 
the suspension proceedings had, in the meantime, 
been appointed to act as judge of his entrance 
qualifications. Finally, he found entrance to the 
Polytechnical School at Zurich, Switzerland, 
where he met the brilliant experimental physicist, 
AuGcust Kunpt, who fanned his latent interest 
in physics. He later became KuNpT’s assistant 
at the University of Wutrzburg, but, because of 
his lack of credentials, could not obtain an 
academic title. So much for an academic title, 
Germany, 1870! 

When Kunpt moved to the newly-founded 
University of Strassburg in 1872, an institution 
less hampered by tradition, he took ROENTGEN 
with him, and it was there that he established 
a reputation in the German scientific world 
There then followed a very gratifying offer from 
the same University of Utrecht from which he 
had been barred in 1862. He did not accept. 
In 1888, 
which had refused him academic recognition at 
one time, made him an offer he could not decline, 
and it was there that he discovered the X-rays. 

That the far-reaching effects of this event 
are still unfolding themselves is amply illus- 
trated by an article in the current issue of the 
Journal of Applied Physics giving some impor- 
tant details about the 100,000,000-volt induction 
dubbed the “betatron”, 
laboratories of 


however, the University of Wurzburg, 


accelerator 
developed in the Schenectady 
General Electric Co., after early developmental 
work by D. W. Kerst, of the University of IIli- 
nois, and the General Electric X-Ray Corp. This 
unit, formerly hidden behind war secrecy, repre 
sents the peak reached thus far in high-intensity, 
short X-radiation, and portends 
many future developments in deeply-penetrating 


electron 


wave-length, 
radiography and radiotherapy. Only four years 
ago the 1,000,000-volt X-ray apparatus was pul 
to industrial use; more recently the voltage of a 
similar unit was doubled; now comes a 50-fold 
further multiplication! It is indeed ironic that 
this German development should have been an 
important factor in defeating the Nazis. How- 
ever, it is likely that, were RoENTGEN living in 
these times, he would have been a fugitive, as 
indicated by letters in which he deplores the 
prevalence of anti-Semitic prejudice. 

Standing on the threshold of such important 
improvements in the X-ray field, and having seen 
its manifold uses in the metal industry during 
the war, it is a sobering thought that 50 years 


ago men foresaw most of the possibilities now 


in everyday use, and that one of the v 
radiographs made by ROENTGEN was in th pene. 
tration of welded zinc, and it showed a conside 
able lack of homogeneity in the specimen 

in the summer of 1896, ROENTGEN sent to ; 
some copies of a radiograph of a shotgun, 

ing not only the bullets, but also fine irre; 

ties such as small figures in the steel a 
card-board disks in the shells. Even earlie 
the same year, both the German and Aust: 
ministries of war called attention to the imp 
tance of the method to find defects in guns a 
armor Steel Works 
Pittsburgh used X-rays as early as February 
1896, for experiments on steel.) 


plate. (The Carnegie 


For some unaccountable reason, this ea 
work with metals was followed through on 
sporadically. For example, Eastman Kodak ( 
found so little industrial use of radiography, tha 
special films were not justified until 1939. Thos 
who pioneered the field had to be content wit! 
films produced primarily for medical work. Per 
haps it was because flesh was easier to penetra! 
than metals, and the early tubes were far fror 
powerful. 

The rise of industrial radiography during 
World War II was nothing short of amazing. In 
quality control, research and inspection it has 
proven itself an essential tool. Radiography 
standard practice in thousands of plants, whicl 
could no more dispense with X-ray or fluoroscopy 
than they could with welding or heat treating 
Costly and inadequate destructive testing has 
thus been reduced to a minimum, and defective 
instead of being discarded, are being 
With the development of high-volt- 
age machines, the latitude of films to varying 


parts, 
re-worked. 


thicknesses and densities has increased, whil 
exposure time has been strikingly reduced. A 
2,000,000-volt unit, for example, will do 8 in 
steel in 3 min., while a_ 1,000,000-volt unit wil 
require 300 min. 

Likewise in the research laboratories \-ra\ 
diffraction has only begun te show its capabilities 
It is particularly adapted to the examination 
those units of matter which are smaller than th 
wave length of visible light, yet will produc 


characteristic patterns when irradiated will 
behav 


X-ray. The nature, condition or 
most substances depends on the arrangem 


Thus, d 


atoms in a crystalline structure. 
tion can be used not only to determine th 
position of a given substance, but also to 
step-by-step, the changes which occur 
material is processed. It offers a new ap} 
to the problems of quality control. 

Davin Goo! 
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By C. E. Ernst 
Superintendent, Gleason Works 


Rochester, N. Y. 


following copper plating. Car- 


Wax Masking for or wae ced 


caused hard spots in the gear, 
resulting in uneven wear and 
inaccurate and noisy opera- 
tion. There was also the ever- 


Selective Copper Plating ar esc sagt 


\| ANY GEARS in aircraft engines, automotive 
and marine propulsion equipment, ordnance, 
nachine tools, and peacetime machinery are 
selectively carburized to produce hard, wear 
resisting surfaces for contact areas, and tough, 
shock resisting properties in the remainder of 
the gear. For many years, two methods of 
btaining selectively carburized areas were used. 
In one method, the part was rough machined, 
ilowing extra stock in areas which were to 
remain soft, and then carburized. After car- 
burizing, the part was finish machined. Those 
ireas Which originally were considerably oversize 
were machined down to the uncarburized core 
ind therefore remained soft when the piece was 
later given the hardening quench. This method 
entails additional transportation from machining 
to heat treating for carburizing and again for 
juenching, causes difficulty in maintaining accu- 
rate locating points, and when this method is 
used, the part cannot be direct quenched from 
the carburizing heat, else it would be entirely 
too hard to machine. 

The alternative method was to rough 
machine and copper plate all over, subsequently 
removing the copper by machining from the 
reas to be carburized. It was also necessary to 
remove copper from centers and from bores of 
gears if these areas were to be used as mounting 
surfaces in the subsequent finishing operations 
as they almost always were) and this required 
‘center or bore lapping operation before mount- 
‘ng on centers or arbors. It was impossible to 
whieve the highest degree of accuracy, as the 
soft copper made it difficult to maintain accurate 
points of location. Another altendant evil was 
the tendency to nick and scratch the copper plate 
during the handling and machining operations 


when making gears, of impreg- 

nating the bearing surfaces ol 

the teeth with particles of cop- 

per carried through the cut by 

the cutter, where they would 

act as barriers to the carburiz 

ing gas and cause soft spots, equally as objection 
able as hard spots. 

The many shortcomings of these old meth- 

ods were recognized by the Gleason Works many 


years ago and these practices were displaced in 
favor of the present routine of finish machining, 
followed by selective plating as the last operation 
prior to carburizing. A_ suitable method of 
stopping-olf the copper in a practical, speedy, and 
inexpensive way was then sought. Four methods 


were investigated, namely, the use of tapes, stop- 
off lacquers, rubber masks, and wax. 

The use of tape of any sort was abandoned 
because of the excessive amount of labor and 
time consumed both in applying it before plating 
and removing it after plating. The cost of mate- 
rial was high and the parts were often damaged 
by the tools used in cutting and placing the tape 
in position. Stop-off tapes have many uses in 
plating such as masking plating racks, but we 
found that they could not be economically applied 
for the selective plating of gears. 

Stop-off lacquers of various types were 
experimented with but were found to be unsuit- 
able for several reasons. The drying time proved 
an insurmountable obstacle from the production 
standpoint, especially since more than one coat 
was required. Brushing was much too slow 
Spraying introduced other diflicullies since, in 
order to prevent areas which were to be plated 
from being sprayed with lacquer, it was neces 
sary to mask with tape or design spray jigs. 
Masking with tape was out; spray jigs are expen- 
sive and therefore only suitable for long runs of 
identical gears. Because of their necessarily light 
construction, such jigs suffer a high rate of 
mortality. Time consumption, high labor cost, 
and fire hazard, in addition to the difficulty of 
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Fig. 1 Wax Pot With Wax Application Fixture 
(4, B, C) and Adaptor D for Gear. Gears EE are 
cleaned, ready for waxing; gear F has been selectively 


waxed. Note simple facilities and small space required 


obtaining clean lines of demarcation at the edge 
of the lacquer —all these factors eliminated 
stop-olf lacquers from further consideration. 
The rubber masking method for selective 
plating was also considered, but after observing 
its operation in other plants it was decided to 
continue the wax method which we had been 
using with marked success for a number of years. 
At first glance, the rubber masking method 
seemed to alford a solution, but after careful 
consideration, it became apparent that its dis- 
advantages outweighed its advantages in most 
gear applications except possibly for high pro- 
duction runs of identical gears. Where many 
and varied types of gears are plated, the storage 
and cataloging of rubber masks become a _ prob- 
lem of no mean dimensions, requiring valuable 
space as well as man-hours. Furthermore, on 
anything except long production runs, there is 
the matter of cost to consider, since molding dies 
for rubber masks are expensive. Often changes 
must be made in such a mold to correct for leak- 
age or fit; worn masks must also be replaced 
from time to time. Another objection to rubber 
masking is the number of necessary operations 
following plating. A dark smut tends to form 
under the mask during plating, and an additional 
cleaning operation is necessary after the masks 
have been removed. Masks must be cleaned and 
rinsed after each plating cycle. Again, unless the 
mask fits perfectly and has been adjusted with 
care — or after it has become slightly worn —a 
“flash” of copper as much as 0.0002 in. thick may 
be deposited under the mask. This must be 


removed by an additional ®peration, generally , 
chromic acid strip followed by a rinse This 
entails the installation, maintenance, and contro} 
of another bath and introduces another hazard 
because if, by error, the gears are allowed { 
remain in the stripping bath too long, the thick. 
ness of copper in the plated areas will be reduced 
below the minimum requirements. Thus it ig 
necessary, after stripping the “flash”, to chee} 
thickness of plate by a Magne gage. 

When first considered, the use of wax for 
masking prior to selective plating seemed to bk 
the logical answer. However, we found that 
while wax was being used extensively for this 
purpose in gear manufacture, it was often 
attended with mediocre results and was only 
used because nothing better was available. A 
little study indicated that insufficient attentior 
had been given to the types of wax; waxes with 
high expansion were being used. The excessive 
shrinkage of these waxes on solidifying lifted 
the edges and the copper plate would later cree 
in on areas required to be plate-free. Other 
failures came from lack of adhesion, but this in 
turn was caused by the lack of thorough cleaning 
of the bare steel. The process was also extremely 
slow because the wax was applied by brushing 
the time thus consumed was so great that the 
correct gear temperature for the wax application 
could not be maintained from beginning to end 
even if the operator were aware that the tempera- 
ture of the gear was important, a fact not gen- 
erally appreciated at that time. 

After some experimentation, a simple and 
speedy technique was developed and has bee! 
used for several years in many plants with 
marked success. Details will now be given. 

A wax with high melting point is used 
similar to Ceresine High Melting Point Wax, a 
product of the Standard Oil Co. of New Jersey 
It is held at 240 to 260° F. in a rectangular 
dipping tank, electrically heated and thermostat- 
ically controlled. Gears are prepared for mask 
ing by running them through an electrolyti 
alkaline cleaning cycle and a hydrochloric acid 
dip and rinse (the conventional preparation fo! 
copper plating). 

Before applying the wax, the clean gears 
must be at the correct temperature, which is 11! 
to 120° F. 
the rapid solidification with the accompanying 


If the wax is applied to a cold geal 


contraction pulls the wax away from the bas 
metal, particularly at the edges. On the othe! 
hand, if the gear is too hot, the wax wil! {lov 
excessively and the resulting coat will be t 
These difficulties can be avoided if the gea! 
~ S 


at 


is kept at a proper temperature, which « 


Vetal Progress; Page 1100 








ally a 
This 
nitro} 
azard 
ed te 
hick. 
luced 
it is 
“heck 


x for 
Lo be 
that, 
this 
often 
only 
A 
ntion 
with 
SSive 
ifted 
Teel 
)ther 
is in 
ning 
mely 
Ling; 
the 
ition 
id - 
eTa- 


gen- 


and 
been 
with 


ised, 
x, a 
se) 
ular 
stal- 
ask- 
vytie 
acid 


for 


pars 
110 
ear 
ying 
ase 
her 
low 


hin 








jily accomplished in several ways. For exam- 


reaa 
ple, | cleaned gears may be placed in a holding 
oven. A warm water bath, controlled between 


110 and 120° F., may also be used; such gears 
can be quickly blown dry with an air blast before 
wax nasking. 

[In most instances, the operator who applies 
the wax also does the preliminary cleaning. He 
takes the gears directly from the hot rinse to the 
wax application fixture after quickly blowing 
them dry with an air blast. He obtains the 
desired temperature by varying the time of 
immersion in the hot rinse. Operators soon 
become adept at judging the correct temperature 
by a sense of feel. 

For the purpose of rapid wax application, a 
simple, adjustable fixture, shown in the two 
photographs, was devised. It consists (Fig. 1) 
of a base plate A to which is hinged a back 
plate B which can be adjusted to any desired 
angle with the base plate. The back plate is 
filled with a slide C which is adjustable for 
height and carries a stud at right angles toward 
the front, on which bushings D of various outside 
diameters, for accommodation of a range of bore 
sizes, can be placed. 

After the correct bushing has been placed 
on the fixture and the latter has been adjusted 
for diameter and face angle to accommodate it, 
the gear is then placed on the bushing and low- 
ered into the wax, its downward travel being 
limited by an adjustable stop. As shown in Fig. 
2 the gear is then rotated by hand in the wax 
welling only those outside portions that need 
masking), raised, and removed from the fixture. 
This operation consumes but a few seconds. 
\fter cooling, the masked gear is given a quick 
icid dip and rinse and is ready for plating. 

After plating and rinsing, the gear is placed 
in boiling water which quickly removes the wax. 
This completes the operation and the gear is 
ready for carburizing without further ado. The 
whole operation is fast and simple. Most gears, 
whether bevel, herringbone, or spur, can be wax 
masked on this fixture. Internal spurs must be 
wax masked by hand, with a brush. 

Some waxes, such as Austrian Hard Dark 
Green Ozokerite, can be easily and inexpensively 
reclaimed. The procedure is as follows: 

1. Wax, removed from the part by boiling 
water, solidifies on the water’s surface when it 
cools. (If the removal tank is in service con- 
Stantly, the wax may be skimmed periodically and 
Soliclified in cold water.) The wax is not usable 
in this state as a layer of sludge adheres to it. 

2. A reclaiming tube is made of 4-in. seamless 
tubing, 40 in. long. One end is closed by welding 
a disk to it. The disk is drilled and tapped for 
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Fig 2— Back Plate of Fixture Has Been Tilted to 
Correct Angle for Bevel Gear, and the Operator Is 
Turning Gear to Wet Those Areas That Must 
Be Masked. Masked gears in left foreground 


a \%-in. pipe plug. Two lugs are welded to the 
outside of the tube near the open end for suspen 
sion. If there is enough wax, several tubes may 
be used simultaneously by tack welding them 
together in a cluster. 

3. Suspend the reclaiming tube vertically in 
a tank of boiling water with the top rim about 
4 in. above the surface. Slabs of wax which have 
been removed from the cold water are broken up 
and dropped into the tube. After the tube has 
filled with melted wax, it should remain in the 
boiling water not less than 8 hr. to precipitate the 
sludge. It is then allowed to cool slowly. 

4. Remove the pipe plug from the _ tube, 
immerse the tube momentarily in boiling water 
to melt the bond between wax and container, 
remove and invert the tube, and allow the cylinder 
of wax to slide out the open end. 

5. An inch or two of sludge will be found at 
the bottom end of the reclaimed cylinder of wax. 
This is cut away and discarded. The remainder 
is as good as new. 

Wax masking, made practical by the pro- 
cedure described, has been an important factor 
in successful selective carburizing of gears. The 
method has adapted itself with great facility, 
especially in plants where the variety of gears is 
great and the production runs limited in number 

Gears which were formerly rough turned, 
plated all over, returned to machining for remov- 
ing copper, carburized, machined again, then 
hardened — are now machined complete, selec- 
tively plated, carburized, and hardened. This 
has not only saved a tremendous amount of time, 
repetitive transportation and handling, but has 
contributed greatly to the high standards of 
precision now met by gear manufacturers rs ] 



























Control of 


Explosive 


Atomie Knergy 


7 
The PUBLICITY on the atomic bomb has to a 
large extent been concerned with the physics of 
it, with rather unspecific references to the enor- 
mous engineering and industrial development 
that was necessary to make it an actuality. The 
sparse reference to the role played by the science 
and art of metallurgy may be attributed in part 
to the small glamour of our subject, and in part 
to the necessary secrecy regarding the actual 
processes of manufacture, which at present are 
the only real “secret” of the bomb. 

There have been, however, extremely inter- 
esting metallurgical problems. Some of these 
arose in connection with the development of 
barriers for the separation of uranium 235 from 
the other isotopes of uranium by gaseous dif- 
fusion, the fabrication and “canning” of uranium 
for use in the plutonium-producing piles, and 
the preparation and shaping of the extremely 
valuable final products which are used in the 
metallic form. It was with the last of these that 
the metallurgists at Los Alamos were particularly 
concerned. 

Although 
metal, plutonium provided a unique and exciting 
problem. The metal, the first visible realization 
of the alchemist’s dream, was completely 


uranium is a most interesting 


unknown five years ago, and preliminary meas- 
urements of its properties had to be made with 
extremely small amounts of material. 
Plutonium is strongly electropositive and 
reacts with most common refractories, yet it had 


to be produced in a state of extremely high 


By Cyril Stanley Smith 

Head, Metallurgy Division 

Manhattan Engineer District 
Los Alamos, N.M. 


purity. It is toxic by virtue of 
its radio-activity, and th per- 
sonnel working with it need spe 
cial protection. The danger 09 
an unwanted and 
nuclear chain reaction leading t 
an explosion was always present 
To complicate the problem fu 
ther, the final shapes to be mad 
were not known until 
before they were actually pi 


prematur 


shorth 


duced. 

In addition to our work wit! 
plutonium, the physicists mad 
frequent demands for other spe. 
cial materials, and it seemed as 
if they delighted in 
those that were particularly difli 

cult to fabricate. Altogether, the life of a meta 
lurgist at Los Alamos was exciting and full 


selecting 


interest. 

The achievement of a satisfactory bomb b 
no means ends the possibilities of applied nuclear 
physics, or removes the need for metallurgica 
work associated with it. The entire field ol 
nuclear power is now ripe for development an 
there will be demand for materials capable 
withstanding conditions of temperature, stress 
and corrosion far more extreme than those tha 
have hitherto been encountered in ordinary powé 
plants, in addition to materials selected primari 
bécause of their fissionable nuclei or because 
high or low absorption of neutrons. The ne 
problems, new methods, and new scientific |! 
zons are fascinating. They can well claim 0 
whole attention, but we must also recogni 
another aspect of our work. 

Scientists and engineers, whether they wis! 
it or not, are determining the fate of all mar 
It is their professional duty to see that the 
of society is aware of the significance of 
work. They need not, indeed should not, b 
politicians, but as human beings they must 
clear the enormous potentialities for good 
for sheer and utter destruction that have ! 
uncovered. 

Those of us who have worked on the 
bomb have seen the successful solution 
problem that kept us working through 
periods of discouragement, and under con 


of urgency, secrecy, and discomfort that we! 
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ted only during wartime. We are not 
elated. but rather are appalled at our achieve- 
We know that what we have done, scien- 
nd engineers of other countries can do 


ment 


tists 
sooner or later. Our temporary lead in time 
must not be confused with a permanent lead in 


fundamental knowledge. 

fhe destructive powers of bombs have been 
raised three orders of magnitude in a single step 
without increased difficulties of delivery. If peo- 
ple can see, as is so plain, what will happen to 
their cities during a next war in which atomic 
bombs are used by both sides, they will demand 
that their statesmen establish suitable control 
mechanisms. War has always been a foolish, 
illogical and unsatisfactory method of settling 
international disagreements; it has now become 
too costly to be tolerated. We must realize this. 

No thinking person should need the further 
evidence that a World War III would provide. 
Previous advances in the art of killing have been 
slow and continuous advances. Here is a sud- 
len, discontinuous increase, a long leap ahead, 
ind the shock would seem to be sufficient to 
make the need of action obvious. 

Many competent and wise persons have writ- 
ten and spoken of the extreme urgency of the 
problem, yet in spite of this, many citizens of the 
United States are completely unconcerned — or 
even unaware that a problem exists. We must 
disturb this complacency! <A_ glance at the 
photographs of Hiroshima and Nagasaki and a 
momentary reflection as to the effects of similar 
bombs (or the inevitably — perhaps thousand- 
fold — improved bombs) on our own large cities, 
shows that the time is already here when weapons 
in the hands of nations need the same control as 
lo weapons in the hands of individuals. 

This is not idealism. The same old animal 
irge toward self-preservation should make all 
men demand proper control of this new weapon. 

Protection against the explosion wave of 
nuclear bombs is impossible, though it may 
become possible to interfere with the delivery of 
some of them. Even if interceptive measures as 
elective as those used by the British against the 
\-1 bomb are used, the residual few per cent that 
set through the best defensive screen can still 
carry more destruction than an equivalent num- 
ber of the largest raids dropping incendiary 
bombs. Moreover, such effective defense takes 
Weeks to organize, yet seconds will serve to 
obliterate the nerve centers of a nation by sur- 
prise attack, 

On the other hand, control is extremely difli- 
cult, yet not impossible. It will involve a great 
change in habits of thought and some degree of 
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sacrifice of national prerogatives, yet it must be 
established. Lack of world-wide control will 
inevitably lead to the obliteration of important 
centers of communication, government and indus- 
try and it is more likely to be our own cities 
than those of another country, unless we are 
willing to establish and maintain active defense, 
perpetually and continually, and to adopt a con- 
tinuing wartime psychology and economy. The 
popular demands for the return of men in the 
Army and Navy, and for production of civilian 
luxury goods are demands for suicide if not 
accompanied by a most urgent demand for con- 
trol of this new weapon. 

Control is difficult politically, but it is cer 
tainly feasible physically. An international 
agency, backed by all peoples, with knowledge of 
all nuclear research and development, and with 
complete powers of inspection of mining and 
industrial enterprise, could render the building 
of bombs impossible. 

This at least is the opinion of a vast majority 
of the scientists and engineers who have worked 
on the bomb. 

Is the establishment of such control impos- 
sible, when the alternative is so dire and 80 
obvious? We are not talking of the possible 
death of a few people in a remote part of the 
world; we are talking of our own annihilation 
as individuals and as a nation, and the loss of the 
cultural and material heritage of all mankind 

We should be scared enough to do some- 
thing. Those who have first-hand knowledge of 
the bomb are scared. Se 


o& oS & 


“Discussion of the atomic bomb with Great 
Britain and Canada and later with other nations 
cannot wait upon the formal organization of the 
United Nations. These discussions, looking 
toward a free exchange of fundamental scientific 
information, will be begun in the near future. 

“But | emphasize again, as I have before, that 
these discussions will not be concerned with the 
processes of manufacturing the atomic bomb or 
any other instruments of war. 

“In our possession of this weapon, as in out 
possession of other new weapons, there is no 
threat to any nation. The world, which has seen 
the United States in two great world wars, knows 
that full well. The possession in our hands of 
this new power of destruction we regard as a 
sacred trust. Because of our love of peace the 
thoughtful people of the world know that that 
trust will not be violated; that it will be faithfully 
executed.” — President Truman, Navy Day 
Address, Oct. 27, 1945. 























Alloy Steel 


or 


Alloy-Treated Steel (? 


So MUCH ATTENTION has recently been given 
by steelmakers, steel users, and interested metal- 
lurgists to the production and properties of steels 
after treatment with special reagents, and so 
many of these reagents or “intensifiers” have 
been used and urged by their sponsors, that it is 
high time an effort were made to clarify the 
situation, even if only to endeavor to fix upon a 
terminology that purchaser and producer can 
use, and so be able to talk the same language. 
For there is no question but that the present 
confusion in ideas is causing needless trouble 
and waste of energy. 

There is also no question but that much of 
the trouble is due to the fact that, despite a 
considerable amount of intelligent research, there 
is no general agreement as to why these special 
reagents act as they do. The same or nearly the 
same result can be had in several different ways 
and with different proprietary reagents (alloys). 
Steelmakers know how to get the results; they 
do not know precisely why it happens so. 

This is natural. Most advances in technology 
are well established by the so-called practical 
men before the systematic thinkers get around to 
explaining the techniques and relating them to 
the solid body of scientific fact underlying the 
art and industry. Furthermore, and because of 
the conditions imposed by war, there has not 
been the usual widespread interchange of ideas 
which would normally occur, with the develop- 
ment of this wide interest, through publication 
by technical papers, trade magazines and the like. 


By Henry T. Chandler 
Vice-President 

Vanadium Corp. of America 
Vew York City 


Thus, even the few basic fae: 
which have been disclosed }y 
research are either unknow 
to metallurgists generally 
at best only partially known 
Often, indeed, it is no 
necessary that the why of a 
operation be known, but in thy 
case under discussion some- 
thing more than confusion 
desirable, because over 1°, 
million tons of the new “inten. 


sified steels as they hav 
frequently been called — hay 
been sold to truck, tractor and 
ordnance makers, and interes! 
I believ 
that this art of treating mollte: 


is spreading widely. 


steel will continue to be practiced in one form 
or another in postwar times: If this is so, 
becomes more and more necessary that such 
steels be adequately specified, so the purchaser 
can get what he expects, and the producer can 
clearly understand what he is expected to furnish 
About the first step in reaching such an under- 
standing is to agree upon a classification tha! 
will differentiate these steels from other mor 
conventional types, for the difference between 4 
normal steel and the same steel to which an 
intensifier has been properly added is indeed 
difference of a high order (as will be show 
presently). 

Unfortunately, the present official definitions 
of carbon and of alloy steels are based on manu- 
facturing practices and metallurgical ideas that 
crystallized long before the advent of “intensi- 


WARM) itmnrrnse nd 


Metal Progress; Page 1104 





facts 
ad by 
nown 
ly or 
own 
> Nol 
of an 
n the 
Ome- 
On Is 

I'y 
nten- 
have 
have 
r and 
erest 
lieve 
olten 
form 
0, il 
such 
1aser 
can 
nish 
ider- 
thal 
nore 
en a 
) an 
ed a 


own 


ions 
anu- 
that 


*nsi- 


fers’. | quote from page 4 of Section 10 on Alloy 
Steels of the “Steel Products Manual” of the 
imerican Iron & Steel Institute, as revised in 
February 1943: 


Carbon Steel 

Stee! is classed as carbon steel 
when no minimum content is 
specified or guaranteed for alumi- 
um, chromium, cobalt, colum- 
bhium, molybdenum, nickel, 
titanium, tungsten, vanadium or 
virconium, or any other alloying 
element added to obtain a desired 
loying effect; when the specified 
r guaranteed minimum content 
for copper does not exceed 0.40%; 
r when the maximum content 
specified or guaranteed for any 
f the following elements does not 
exceed the percentages noted: 
Manganese, 1.65%; silicon, 0.60%; 
copper, 0.60%. 


ments exceeds 


chromium up 


alloying effect. 


First, it is to be noted that the steels in each 
f these classifications may contain “any alloying 
element added to obtain a desired alloying effect”. 
The distinction between the two classes, there- 
fore, does not appear to be based upon what the 
steel contains but rather upon how much of each 
alloying element is present, and whether or not 
the amount is specified by the consumer and 
guaranteed by the producer. Under these defini- 
lions, steel classification is determined first of 
all by chemical analysis, and secondly by the 
implied assumption that the alloy content deter- 
mined by analysis is essential (and therefore 
may be specified) to the properties of the finished 
“alloy” steel. 

These official definitions therefore imply that 
steels are adequately defined, for the purposes of 
buying and selling, by the results of chemical 
While this supposilion is true enough 
lor steels containing substantial amounts of 
nickel, chromium, vanadium, molybdenum and 
other commonly used elements, it is far from 
salisfactory when applied to the intensifier alloys. 
In the latter case the relation between the 
amounts of the added elements which appear in 
the finished steel and the change in properties 
which results from the addition is not sufficiently 
precise to establish a basis for commercial 
specifications. 

For example, the amount of Grainal No. 79* 


analysis. 


*The indulgence of the reader is requested in 
this use of proprietary names, hopeful that he will 
understand it is done not for advertising purposes 
but because it is desirable in this article to make 
specific rather than general stalements, and the alloys 
So noted are the only ones about which the author is 
qualified to speak. 


Alloy Steel 

Steel is classed 
when the maximum of the range 
given for the content of alloying ele- 


Manganese, 1.65%; 
silicon, 0.60%; copper, 0.60%; or in 
which a definite range or a definite 
minimum quantity of any of the fol- 
lowing elements is guaranteed within 
the limits of the recognized commer- 
cial field of alloy steels: Aluminum, 


following limits: 


columbium, molybdenum, nickel up 
to 5.25%, titanium, 
dium, zirconium, or any other alloy- 
ing element added to obtain a desired 


required for the full treatment of S.A.E. specifica- 
tion T-1340 may be as little as 1% lb. per ton of 
steel treated, or as much as 12 lb. per ton, depend- 
ing upon the process by which the steel was 
made, and more specifically 
upon the state of its nitrogen 
as alloy steel and oxygen content. It is 
obvious that neither of the 
official definitions fits the 
example just cited. Certainly 
the intensifier alloy must be 
added to the steel if it is to 
produce any desired effect, 
and certainly if it is to be 
added that fact 
specified. At once guaranteed 
minimum 


or more of the 


should be 
3.99%, cobalt, 
amounts and 
tungsten, vana- ; ' : 

amounts come into consid- 
eration and we may not, in 
consequence, include “treated 
steels” in the carbon steel 
group. However we are not much better off when 
we attempt to classify them under the present 
definition of alloy steels, for we have long been 
accustomed to identify usual alloy steels in terms 
of the amount of alloy contained, and in this 
example — which is by no means unique this 
is not practicable. 

Assuming for the moment that we know pre- 
cisely what the word “steel” means, another 
difficulty with the above definitions is that they 
do not tell us what is meant by “alloying ele- 
ments” and “alloying effect”. Certainly the term 
“alloying effect” could be extended to include the 
changes in steel’s properties brought about by 
the addition of intensifiers but, in my opinion, 
the common understanding of the term does not 
now do so. Possibly the definition maker may 
be excused for his inability to give immediately 


a precise and acceptable definition of “alloying 
effect”, for Edgar C. Bain requires 300 pages to 
do so in his @ book on the “Functions of the 


Alloying Elements in Steel”. Nevertheless the 
matter of precision in ideas and definitions can- 
not be dodged, for it is at the bottom (I am sure) 
of most of the uncertainties which now plague us. 

At the risk of being accused of turning the 
clock back I would like to revert to some defini- 
tions proposed by Henry D. Hibbard in 1915 in 
his pioneering book “Manufacture and Uses of 
Alloy Steels”. He says: 

Simple steel, often called carbon steel, con- 
sists chielly of iron, carbon and manganese. 
Other elements are always present, but are not 
essential to the formation of the steel, and the 
content of carbon or manganese, or both, may 
be very small, 

Alloy steel is steel that contains one or 
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more elements other than carbon in sullicient 
proportion to modify or improve substantially 
and positively some of its useful properties. 
Alloy-treated steel is a simple steel to which 
one or more alloying elements have been added 
for curative purposes, but in which the excess 
of the element or elements is not enough to 
make it an alloy steel. 
While this is not perfect I believe it hits 
nearer the center of our present difficulties than 
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the longer A.I.S.I. definitions. It admits a class 
of steels to which alloys have been added but 
which are not defined in terms of alloy content. 
Let me clarify the terms somewhat: 

I believe that if almost any purchasing agent 
would be asked to name some alloying metals 
that convert a carbon steel into an alloy steel he 
would not hesitate to say “nickel and chromium”, 
and any experienced metallurgist would agree 
with him and could give a criterion that would 
differentiate between a nickel steel, a chromium 
steel, a molybdenum steel, or a tungsten steel, 
one or all of them, and (say) a steel to which 
aluminum or zirconium had added. He 
would say that the effects of the former alloying 
metals (nickel, chromium, molybdenum or tung- 


been 


sten) are roughly proportional to the amount 
added, which is always substantial in commercial 
alloy steels and easily measured by analysis. On 
the other hand a little of the elements aluminum 
or zirconium in the contrasting category is suffi- 
cient —- often a very little is sufficient, difficultly 
found by the analyst 
element is no better, if not worse, in its influence 
An example of the 


and an excess of the 
on the steel’s properties. 
latter is Fig. 1, taken from M. A. 
paper “Hardenability Calculated From Chemical 
Composition” contributed to the American Insti- 
tute of Mining and Metallurgical Engineers in 
1942. It shows that the hardenability of a steel 
is increased as 50% by as little as 
0.003% boron, but that 

amount the hardenability decreases. 


Grossmann’s 


much as 


beyond spectroscopic 


In contrast to boron, the principal effec; 
nickel is to form a solid solution with the fer 
and strengthen, harden and toughen this mic 
constituent. See Fig. 2, from Dr. Bain’s }y 
reproduced below; it shows that a pure 
about 70 hard on the Brinell 
nickel the alloy is 100 hard, with 4% 


scale; w 

s 1% 
and with 6% it is 140 (all figures are for me 
in the annealed state). 


Similarly Fig. 3, also from Bain’s boo! Maps 
the effect of chromium on the tensile strength 
air-cooled steels containing 0.20° carbon. Syel 
an alloy steel with 1% chromium has a tens 
strength of 75,000 psi.; with 2% chromium it 
105,000 psi.; with 3% 
with 4% chromium it is 195,000 psi. 

The examples shown in Fig. 2 and 3 ar 
alloying elements that make alloy steels in th 
common, undisputed meaning of the words. M 
Hibbard’s definition therefore is correct as far a: 
it goes, and the only addition necessary to mal 


chromium it is 160,000 ps 


it more precise is to say that the modification ar 
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improvement vary directly with the amount 
the alloy added. I would say then: 

Alloy steel is that 
more metallic eclements in sufficient amount 
modify or improve substantially and positi 
some of its useful properties, and the an 


stecl contains one 


of change in properties may be measured 


the amount of clement added. 

Metallic elements of this sort can be 
the true alloys, and it is perfectly logical | 
consumer to specify their amount in the s 
enhanced propert 


order to give it the 


desires. Specification and sale by anal; 
easy and involves no ambiguity in the m: 
seller. A 3%‘ nickel st 


purchaser or 


definite properties different from a 
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steel, and is adequately specified by the S.A.E. 
9300 scries. 

So much for the true alloying metals in steel. 

Now contrast the above facts with the well- 
known effect of aluminum. Harry W. McQuaid 
said his 1935 Campbell Memorial Lecture: 
“Actual steelmaking practice indicates that a 
certain definite minimum of aluminum is needed 
before anything much happens (in the way of 
controlling the grain size of quality steels), and 
bevond that amount the fine grain characteristics 
are obtained very rapidly.” In other words, to 
exercise its beneficial effect only a little aluminum 
is needed; more is useless. (I pause to ask: 
“Would it appear reasonable for the purchaser to 
specify a minimum aluminum content by analy- 
sis, to assure himself that the desired grain size 
exists in the steel?’’) 

We do not need to cite the relatively recent 
use of aluminum as an example of metals and 
quasi-metals that react in an entirely different 
way from the true alloys nickel, chromium, 
molybdenum and tungsten. The melter has 
ilways had “reaction alloys” for controlling the 
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Fig. 3 — Cumulative Effect of Chromium on Harden- 
ability of Steel Is Greatly Enhanced by a More Rapid 
Cooling From High Temperature. (Wrightand Mumma) 


deleterious effects of sulphur, phosphorus and 
nitrogen which inevitably get into his liquid 
steel. Bessemer’s process was a failure until it 
was recognized that manganese was necessary 
for counteracting the bad effects of oxygen, sul- 
phur and phosphorus in the molten metal.  Sili- 
con later was added intentionally as a deoxidizer 
(although willy-nilly it had always quieted cruci- 
ble steel, enough being gained by reaction of hot 
metal with the crucible itself). 

Furthermore, in distinction to the true alloys 
these “reaction alloys” have been the responsibil- 
ity of the steelmaker rather than the consumer. 
Economy dictated their use; enough had to be 
added to counteract red shortness, or to improve 
the ingot’s surface, or to control grain size; any 


“< 


excess over a safe margin was a waste. The 
quantity needed also would be variable, depend- 
ing on the quality of the metal being refined, the 
process used, the pit practice and the rolling mill 
routine. “Reaction alloys”, therefore, have been 
rightly regarded as mediums for the art of steel- 
making; the effect of a moderate surplus in the 
metal delivered to the customer was quite minor, 
and consequently the customer generally has not 
been concerned with what reagents were used, 
or how much of them, as long as they exercised 
no deleterious influence on the steel or on his 
manipulations or uses of the metal. 

In addition to manganese, silicon and alumi- 
num, now come the new reaction agents o1 
intensifiers containing such elements as_ boron, 
vanadium, zirconium and titanium which are 
aclive in some steels and steelmaking practices 
in as little as 1% Ib. per ton (0.07% gross and 
far less of the potent portion), more frequently 
added in quantities of 4 lb. per ton of steel, but 
sometimes as much as 12 Ib. They have such 
great effect that there is a temptation to class 
them as true alloys, but no familiar alloying 
metal has any measurable influence in = such 
minute quantities. Likewise the facts that some 
steelmakers use more than others and get the 
same results, and that equivalent results can be 
achieved by several different chemical elements, 
bolster the belief that they are more properly 
classified as “reaction alloys”. Again, the influ- 
ence on the steel’s properties is not proportional 
to the amount added. These facts exclude them 
from the category of alloy steels, and evidently 
bring them into Hibbard’s third category; they 
are “alloy-treated steels” rather than alloy steels 
With very little change (which we leave to the 
definition makers), Hibbard’s definition of “alloy- 
treated” steels could be made most useful for 
present-day steelmaking practices, and | strongly 


suggest its revival. 
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Let me now put on record the fact that the 
properties achieved by the alloy treatment (in 
this sense) represent a very substantial improve- 
ment over the properties of a normal carbon steel 
or low alloy steel. The alloy-treated steels have 
four identifying characteristics: 

1. They possess a new and high order of 
hardenability. For example, in his paper on 
“Special Addition Agent Steels” before the 
National Tractor Meeting of the S.A.E. (1943), 
R. B. Schenck cites a Y-1320 normal steel (man- 
ganese 1.50%; grain size 74%) whose J-40 harden- 
ability* was 2.8, and the hardenability of the 
same steel with 4 lb. of reaction alloy per gross 
ton was 9.3. Or, put another way, a %2-in. round 
of the normal steel would harden through to the 
center in still oil, whereas a 1%-in. round of the 
alloy-treated steel will harden completely. (In 
recent technical discussions great emphasis has 
been placed on this improved hardenability of 
alloy-treated steel, although to my mind the next 
two characteristics are of even greater importance. ) 

2. They have very high ductility at high 
hardness. This is conveniently expressed as “P 
value”}. Using the same examples just quoted, 
the normal steel when oil quenched and drawn 
at 450° F. had 119,900 psi. ultimate, 60.7% reduc- 
tion of area, and a P value of 96.8. The alloy- 
treated steel, heat treated identically, had 206,300 


psi. ultimate, 56.6% reduction of area, and a P 
value of 111.0. 
3. They generally have high Izod notched- 


bar tests after low tempering. This is more 
especially true of the medium carbon steels. 
Schenck quotes a normal GM1340-A steel (1.70% 
manganese, 7% grain size) oil quenched and 
drawn at 450° F. whose Izod value was 5.5 ft-lb.; 
the alloy-treated portion of the same heat tested 
21.8 ft-lb. 

1. Alloy-treated steels behave normally on 
slow cooling; therefore they do not change the 
normalizing or annealing cycles by the purchaser. 

This combination of characteristics in the 
treated steels indicates to me that we have hit 
upon a new way of doing something, and are not 
just achieving our old goals by varying the old 
methods, as by substituting manganese for nickel, 
or molybdenum for tungsten. This is an impor- 
tant distinction, and will probably be the most 
controversial statement in this article. 


*J-40 hardenability is the distance from the end 
of a Jominy end-quench specimen in sixteenths of 
an inch, to Rockwell C-40 hard. For a 0.20% carbon 
steel C-40 is about 8 points softer than the quenched 
surface. 

iP value is (T + 6R) 5, where T is tensile 
strength in 1000 psi., and R is reduction of area in %. 


It is also to be remembered that, when treat. 
ing a steel with an intensifier, there are sever 
alternative ways of doing much the same thing 
several different alloys available, and differe, 
routines in the refining operations. It ought | 
be evident that it is up to the steelmaker 
decide how he wants to achieve the desire 
effects; if the effects are in the steel he ship 
(and their presence is easily demonstrable } 
tensile, notched bar and hardenability tests) th, 
customer should have no cause to worry aly 
the content of vanadium, boron, zirconiyy 
titanium, aluminum, or other element in spectr 
scopic amounts and held in unknown miecr 
constituents. 


Final Recommendation 


What is being recommended, therefore, in as 
emphatic words as I can muster, is that the car- 
bon steels and the standard alloy steels be speci- 
fied (as in the past) by their chemical analysis 
but that no effort be made to specify a chemica 
analysis for the residual amounts of the reacti 
alloys when _ intensified 
Their effects should be specified by specifying 
desired mechanical properties. 

This represents no revolutionary change 


steels are purchased 


commercial practices. Already it is commonpla 
for the purchaser to include other desired prope! 
ties in addition to analysis, and for which th 
steelmaker receives extra compensation. Suc! 
special requirements and qualities, well know 
to the trade, already include macro-etch, inclu- 
sion count, grain size, specified microstructure 
and guaranteed hardenability. 

It is only a short extension of this practi 
to include that desirable combination of harden- 
ability, ductility at high hardness levels, ané 
toughness, which can most easily be achieved }) 
the correct use of a reaction alloy. 

I also strongly urge a revival of the classi! 
cation “alloy-treated steels”. The number 
steels which properly belorg in such a category 
is already large and will continue to grow. 1h 
control of nitrogen in steel through alloy treat 
ment is not far distant and many other examples 
could be given. 

Such a classification might well carry 
own base extra to cover the cost of preparing ™ 
heat for treatment, together with whaleve! 
tional extras are justified depending upo! 
alloy used for treatment. 

The important point is to avoid the ¢ 


result when 


promises and confusion which 
attempting to place alloy-treated steels in a clas 


to which they do not belong. ~ 
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Critical Points 


By the Editor 


RUE TALK, by General MacArthur at the Japan- 
T ese surrender: “Military alliance, balances 
ff power, League of Nations, all in turn failed... . 
We have had our last chance. If we do not now 
devise some greater and more equitable system 
\rmageddon will be at our door. The problem 
basically is theological and involves a spiritual 
recrudescence and improvement of human char- 
acter that will synchronize with our almost 
matchless advance in science, art, literature and 
all material and cultural developments of the 
past two thousand years. It must be of the 
spirit if we are to save the flesh.” 


[' LIGHT of the above, re-examined and dis- 
carded some hard-won “Critical Points” having 
to do with munitions production, but salvaging 
the following hopeful impression of the things 
of the spirit that only can save us: “Out to 
Caldwell in Northern New Jersey to the propeller 
division of Curtiss-Wright, and got something of 
the spiritual lift of reading Watt WuitMan’s 
poems and breathing his unquenchable faith in 
imerica, ever growing greater and greater 
through the everyday work and life of millions 
of free men and women. For here, 
indeed, are literally thousands of 
young people bending their ener- 


Wondrous 
men and 
machines gies to the making of better and 
stronger steel blades to drive our 
alreraft to their destinations, and turning their 
minds toward the study and perfection of the 
magical mechanism packed into the hub that 
idjusts the blades so they bite deeper or shal- 
wer into the atmosphere at the pilot’s will, and 
the even more wondrous devices, no bigger than 
‘typewriter, that automatically adjust the blades 
‘0 equalize the thrust from all the engines on a 
Magical machines, but no more won- 
lrous than the spirit of young America that has 
devised them, the brains that understand them, 
ind the skill that perfects their every detail!” 


Dig ship. 


(o by the rustic surroundings of Alle- 
A gheny Ludlum’s Watervliet mill, resplendent 
in autumn’s foliage, yet found that even such a 
specialty plant as this has had a succession of 
problems, born of the necessity to make new 
and complicated steels. This is the prewar source 
of silcrome, the heat resisting steel discovered 30 
years ago by P. A. E. ARMSTRONG, now the stand- 
ard for automobile exhaust valves. What, then, 
more natural than this mill should turn to aero- 
engine valve steels when the civilian market for 
silerome dried up? Easily said, but it involved 
some thorough-going changes in practice... 

Four pounds of turnings, supposedly de-greased, 
come back for every five pounds 
of such bar steel shipped; scrap 
remelting without carbon pick-up 
immediately became a bug-bear, so 
turnings are put through a baby 
blast furnace, a short tower filled 
with roaring oil flame. Next, in the melting 
shop “wild” heats caused serious trouble until 
Bitt Norris —an expert melter himself, grad- 
uated into Superintendent — decided to control 
the moisture in the lime flux; very simply, too, 
by barreling it, immediately after burning, in 
air-tight drums, kept closely sealed until actually 


Successful 
remelting 
of high 
alloy scrap 


needed 

forge shop, where 12,000-lb. steam hammers 
break down the ingot into blooms. The 14:14 
Cr-Ni austenitic steel is so much more refractory 
than silcrome that the anvils started to “walk 
Eventually it was found they needed 
heavier —if the anvil is too 


around”, 
to be about 20% 
heavy the hammer frame itself becomes unstable. 
The added weight can be a huge steel slab laid 
between timber mat and anvil casting, not neces- 
sarily anchored to either. ....Now Ludlum’s mill 
at Watervliet is rolling even more complex alloys 
for jet propulsion devices and these in turn are 
harder at 

Four-inch blooms, 


harder and working 
temperatures. 


Insuring 
for example, can be reduced no 


surface & 


internal more than 4 in. per pass, and the 


cleanliness safe temperature range is so nar- 
row that reheatings are frequent. 
Surface defects cannot be scaled off; even the 
ingots of the high alloys must have their surfaces 
cleaned, and the billets are ground in two direc- 
tions first cross-wise with a coarse wheel to 
get to the bottom of folds or cracks, then length- 
wise with a much finer wheel to remove previous 
grinding marks and all fins at the corners. A 
rough generalization is that the more heat resist- 
ant the alloy the earlier must attention be given 
to the surface defects..... Inspection of such 
valuable alloy is unusually severe. Billet ends 
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from first, middle and end of every heat of valve 
steels are submitted to the customer for surface 
inspection and chemical checks. If acceptable the 
billets are rolled to bars, and both sawed-off ends 
of every bar are deep-etched to reveal soundness 
and uniformity. Here’s a place where the mill’s 
inspectors must see with the same eyes as its 
customers’. Many requirements are met by hot 
rolled, shot blasted and pickled bars; some others 
need a surface so smooth that five polishing oper- 
ations follow centerless grinding. Stock racks, 
inspection tables, and handling equipment in 
shipping room are of wood or rubber-covered 
steel, to prevent scratches and pick-up of iron 
particles.....Furnaces in both forge and heat 
treat shop (and all these alloys are heat treated, 
even if only for stress relief) are oil fired and 
operate under slight pressure. Oil and air valves 
are interlocked for practically complete combus- 
tion at all stages of turn-down; “radiomatic” 
control by improved radiation pyrometers auto- 
matically maintains temperatures within +10° of 
the set point. 


S" NT a fascinating afternoon in the Pittsfield 
n 


plant of General Electric Co. with Messrs. 


ALIMANSKY, SCOVILLE and HANNON, and came 
away vainly thinking that I knew a lot about the 
“capacitors” they were making there in such 
numbers and varieties, but on more sober reflec- 
tion realized that the matter is as mysterious as 
life itself 
or condensers are little packages that store lots 
of electricity. As made at Pittsfield they range 
in size from that of a tiny firecracker to a lady’s 


If you want to know, capacitors 


traveling case. In the physics books studied by 
the generation now passing their prototype only 
is described; it is the Leyden jar invented by a 
Dutch professor 200 years ago when men were 
dangerously drawing lightning from the storm 
clouds and devising schemes for creating puny 
The Leyden jar is of glass 
If one lining 


imitations thereof. 
with metal linings, inside and out. 
is charged the other becomes charged oppositely, 
the glass insulation having something to do with 
it but even that is still obscure. It is known 
that the capacitance (the amount of electricity 
stored) rises with the area of the metal and the 
thinness of the insulation; hence the content of 
a modern Leyden jar is a coil of aluminum foil 
interleaved by layers of tissue paper Alumi- 
num is practically ideal for the purpose, although 
HANNON, the metallurgist, assured me that it is a 
highly specialized art to make this foil uniformly, 
say 0.0003 in. thick, wide enough without curled 
edges, and strong enough to unroll properly from 
the spool and re-roll into the condenser coil. 


Likewise the foil must be clean 


the necessary lubricant on the rolling m 
General Electric alone buys several hundred | 
of it annually The next step in the ma: 
facture of capacitors is to put the met; pap 
coils into tight containers, bake and evacuate th 
free ‘of air and moistu 

then impregnate them yw 


insulating liquid..... Metallu 


Metal, solder, 
& other stuff 
in capacitors gical problems galore follow 
the wartime introduction 
low-tin solders and substitution of terne plate | 
the tin plate cases. Since terminals must | 
soldered to the foil at low temperatures to p 
vent damage to the insulating paper, some 

the new, higher-melting solders are useless. Har 
soldering of the containers is also labor consu 
ing, and the rejects due to leakers have warrant 
the installation of high frequency 
fixtures for local heat just at the seam a: 

.As the size of these capacitors 


coils al 


nowhere else... 
increased, many mechanical and metallurgi 
problems entered, such as the necessity for wate 
cooling, the discovery of a suitable substitute 
improvement over the conventional mica insula 
tion for high voltages, and the need for a sturdy 
The latt 
nickel-iron all 


metal-to-glass seal at the terminals. 
is a clever design: A _ high 
ferrule of the same coefficient of thermal expai 
The bar 
flange on this ferrule sticks out all around, fa 
thy 


sion as the glass is cast into the glass. 


enough so it can be soldered or brazed to 
case with inductive heat, heat so quick and s 
localized it does not work over into the glass 
Capacitor uses are amazingly widespread. The) 
are essential units in all fluorescent lamps, 
photo-flash lamps, in all radio, radar and t 
vision sending and receiving sets, in A-C mol 
starters and devices for correcting power fact 
in electrostatic air filters, in “discharge welde! 
equipment for spot welding, in generators ! 
high frequency heating and melting. As to thei! 
importance — did you know that power needed 
for many magnesium and aluminum plants © 
derived from systems already thought to be work- 
ing at capacity, by installing thousands of capa 
tors at strategic points where existing consume! 
were drawing current at a low power fac 
Sounds like lifting yourself with your own bo 


straps. 


ITTSFIELD is also where General Electric mak 

transformers, and consequently the magnet! 
properties of silicon steel sheet used for !a! 
nated cores are under constant scrutiny 
group of physicists headed by Weston Mo 
The aim of the studies is to reduce the hys 
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ses he higher these losses the lower the 


eficien.y of the transformer, the more of the 
electrical energy is wasted as heat, and the more 
elabi -and costly the necessary appurtenances 
for harmlessly radiating this heat. It has long 


sine ‘n discovered that a 4% silicon-iron sheet 
s several times as good as a plain carbon steel 
sheet, and extensive studies by many steel pro- 
jucers and transformer manufacturers have per- 
he analysis and the steel refining, rolling 
and heat treating conditions 

Lining up the so that modern silicon sheet 
has about 1/7 the hysteresis 

silicon steel loss of ordinary steel when 
working under the conditions 

sisting in an ordinary power transformer. This 
s for sheet whose crystalline line-up is helter- 
skeller, and such sheet is quite all right for ele- 
ments of rotating apparatus. However it is not 
too good for static transformers, and one fruitful 
suggestion for improvement came from the 
knowledge that the cubic iron crystal has direc- 
tionality —in other words, if all of the tiny crys- 
tals in the sheet could be ranged with their 100 
ives in an optimum direction, the magnetic prop- 
erties in that direction would be greatly improved. 
By cooperation between General Electric’s and 
\llegheny Ludlum’s metallurgists, the various 
production steps have been brought under con- 
trol, so that sheet is now regularly produced with 
90% of the crystals arranged within a 10° cone 
around the intended direction. In other words, 
these men can now tell a piece of steel how many 
rystals to grow, how big and in what direction. 


fected 


cry stals in 


ie rue Quincey (Mass.) shipbuilding yard of 
the Bethlehem Steel Co., and there found 
some intensive studies on the welding of big 
rigid” structures, like hulls. Stresses induced 
n the plating of large sub-assemblies and even 
ompleted ships have been measured by cement- 
ng strain gage rosettes on both sides of the 
riginal plate at selected positions, trepanning 
ut a 2%-in. disk at the spot after the plate is 
welded into the assembly, and then recording the 
‘hanges in dimensions as indicated by the strain 
These studies disclose two distinctive 
patterns of residual stresses in the plating of 


sages. 


welded ships, depending on whether the plating 
's restrained or unrestrained during welding. 
Une pattern is found in joints within sub-assem- 
blies made while the plating is free to move to 
‘ccommodate the shrinkage transverse to the 
weld; the residual stresses in that direction are 
onsequently of a low order and are predomi- 


fantly compressive. However, in a direction 


parallel to the weld there can be no movement 
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of the cold and rigid plate to accommodate the 
longitudinal shrinkage in the hot and _ plastic 
weld metal as it cools. Consequently, the longi- 
tudinal welding stresses at and near the weld are 
of a high order, in fact of yield point magnitude, 
and average about 40,000 psi. tension. These 
strain gage studies also indicate that the magni- 
tude of stress is unaffected by the welding tech- 
nique. Long welds in a sub-assembly usually 
lie in a fore-and-aft direction 
and therefore the high tension 
stresses in welds in sub-assem- 


Innocuous 

weld stresses 
blies also lie in a fore-and-aft 
direction of the ship. Now the 
reason why these high fore-and- 


within sub- 
assemblies 


aft stresses do not give immediate trouble as soon 
as some working loads are added is due to the 
presence of the mild compressive stresses 
Welding 


thus sets up a bi-axial stress condition wherein 


athwartship, transverse to the weld. 


the heavy tension along the seam (fore-and-aft 

tends to stretch the weld metal, yet the moderate 
compression across the seam (athwartship) tends 
to push metal into the stretched region. Get the 
picture? Big stretch, little squeeze. Obviously 
this is a condition which makes for ductile action 
rearrangement in the 


and promotes internal 


metal plastic yielding, in other words..... The 
situation is different 
joined during the erection of the ship. 
sub-assemblies are stiff enough to afford consid- 
erable restraint, resulting in a stress pattern in 
the girth joining sub-assemblies 
opposite to the pattern described above. The 
stresses parallel to the girth welds — that is, 
athwartship — are of yield point magnitude and 
average about 40,000 psi. because little movement 


when sub-assemblies are 
Large 


welds these 


takes place in the rigid sub-assemblies to accom- 
modate shrinkage in the long welds. Fore-and-aft 
stresses at the junction between two sub-assem- 
blies also result from the shrinkage transverse to 
the girth weld; due to restraint these stresses are 

tensile rather than compressive; 
Dangerous their order of magnitude is also 
moderately high, being approxi 
mately 10,000 psi. in the vicin- 


weld stresses 
between sub- 
assemblies ity of the weld. Therefore in 

these girth welds between sub- 
assemblies there may exist unfavorable zones of 
heavy tensile stress athwartship combined with 
moderate fore-and-aft tension stresses that is, 
bi-axial tension. The normal working stresses 
of the ship can now be added to the moderate 
fore-and-aft erection stresses to fulfill a bi-axial 
stress condition in the girth welds that could 
induce a brittle failure. These conditions are a 
big stretch in two directions..... Bethlehem 























Ship’s Research Department, under supervision 
of Pau Frietp, has extended its work to scale 
models of hulls, as large as can be put into the 
stress-relieving furnaces. Working on the basis 
that the stress pattern described above is inherent 
in fusion welded joints, the department’s aim has 
been to discover means whereby the highest 
stresses can be placed in most innocuous posi- 
tions. It has already been found, for example, 
that the conventional welding sequence from the 
center of the ship, working outward in all direc- 
tions, tends to throw tension stresses at the 
gunwales and bilges, and compression stresses 
in the axis. It appears logical to reverse the 
welding sequence and make erection joints from 
the outside toward the center. This should tend 
to confine the tension stresses to an innocuous 
zone near the neutral axis..... These all-too-brief 
notes about a stimulating visit must not close 
before giving special credit to Bethlehem Steel Co. 
The wartime fleet launched by its Shipbuilding 
Division has been singularly free from major 
cracks; nevertheless it is spending some real 
money and brains to determine the cause of the 


trouble that has been encountered by some of our 
all-welded ships. 


game BELIEVING my eyes, saw three small 
units, each about the size of a 500-hp. diesel 
engine, at Woodward Iron Co. near Birmingham, 
all that is necessary to “dry” the air for three 
200-ton merchant furnaces — all, that is, except 
for three concrete chambers the size of hotel 
bedrooms, necessary air ducts and pipes for water 
and refrigerant, and a couple of small circulating 
pumps. The first of these units was installed in 
1939 as an experiment to test the idea that high 
and variable summer humidity is the main rea- 
son why blast furnaces are more variable in 
operation and consume more coke in summer 

than in winter — a fact which 
by few 


Less coke in will be contested 


experienced furnace men. 
FRED OSBORNE, Woodward's 
that a 


study of the firm’s old records showed that an 


summer than 


in winter 
superintendent, said 


extra grain of moisture per cu.ft. of air in the 
blast would raise the coke consumption some 45 


lb. per ton of iron produced, an amount that is 


close to the theoretical requirements for dissociat- 
ing that much water into hydrogen and oxygen. 
Figures for the first 18 months of operation after 
the installation of the drying unit indicated a 
coke saving of 55 lb. per grain of moisture. Since, 
on the average the year ’round in Birmingham, 
t grains of moisture are removed to bring the 


outside air down to saturation at 40° F., 220 Ib. 


of coke is saved, or 8% on the 2700 Ib. former) 
needed to smelt the rather low grade o 
Red Mountain nearby. Small wonder t! 
other two furnaces were promptly equipped 
Metallurgically the advantage rests in uniforn 
of product. For example — at one time a coole, 
was down for 8 hr. on a rainy summer's day 
the iron from that furnace went from a 3.25: 
silicon foundry grade to basic (under 1.0 
con) on one cast, but right back again when thy 
drier resumed operation This system of Car. 
rier Corp. does not attempt to dry the air; 
delivers air at a constant humidity represented 
by saturation at 40° F. — that is, a little less tha: 
3 grains H,O per cu.ft. The three main units a 
Woodward may be viewed as large editions 
the freezing unit in a household refrigerato 
wherein an organic chemical, while evaporating 
absorbs heat in cooling the box — except that i 
this case what is cooled is not the family’s butte: 
and meat but a flow of water through a nes 
of pipes. The gaseous chemical is then com 
pressed below its critical pressure, cooled and 
liquefied in a tubular heat interchanger, and is 
ready for another trip through the closed circuit 
We therefore have two flows of water coming 
from the refrigerating unit in the power hous 
one is warmed water carrying away the heal 
from the liquefying refrigerant (and this wate! 
is sent direct to the boiler house pond), and th 
other is a recirculating supply of chilled wat 
at 38° F., cooled by the evaporating refrigeran 
This cold water, well above the freezing poin 
(where frost gives no end of trouble) ente! 
the air chambers as a multitude of fine spray: 
against the air being sucked through to th 
blowing engines. Enough cold water is circulat 
in this way between the refrigerat- 
ing unit and the air chamber | 
cool all the intake air to 40° |! 
and this cold air then drops ou! 


Dried (not 
dry) blast 


its cooling spray and the excess condensed mols 
ture against a tier of baffle plates, and is on it 


way to the blowing engines Costs are littl 
more than interest and amortization on the « 
ment. The power used is almost all saved al 
blowing engines, which now compress a S! 
volume of cold air (although of the same we 
Numerous regulators for temperature and 
make the equipment almost automatic. Os 
says refrigeration of the blast is the last 
major improvements reaching back for a d 
which include a drive for coke with lov 
properly sized and of better structure, a 
sized and selected ore all responsib 
Woodward’s ability to make more and bett: 


at lower costs. 
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NICKEL 


gives a bandsaw 


BITE! 


a 








‘ 


... this specialty steel 
(a high-carbon grade) 
toughened by Nickel 


Built for tough jobs, this bandsaw is .80 carbon steel fortified with 2.25 
to 2.50% Nickel. 

The maker ... E. C. Atkins and Company of Indianapolis, Indiana... 
specifies Nickel to secure the reliable performance assured by the spe- 
cial mechanical properties developed by high-carbon Nickel alloy steel. 


In addition to imparting ability to withstand repeated flexure, 


Nickel improves wear resistance, handling characteristics in fabrication 
and response to heat treatment. 
Consult us on its use in your products or equipment. Write us today. 


© BTHE INTERNATIONAL NICKEL COMPANY, INC. Siw'*stc"s' 
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The Ouija Bar 


and the 


By D. Carb 
Pittsburgh 


sounds pretty good, a decision which 
as you will see I later come to regret. 
I'm slower than a furnace full ol 
cold steel for awhile. These people 
I'm working with talk a language all 
their own and I start to wish that | 
had studied pharmacy or something 
but after awhile | start to catch on 
Now my Superior is usually a 
Man not given to motives ulterior so 
when he calls me in one day and asks 
I know about hardenability | 


Fancy Slip Stick pee smell the rat. Anyway I answer 


\ HY I EVER get mixed up with the Metals is 
still not quite clear, unless it’s because during 
my youth the old man is always hollering about 
crystallization, at the same time he’s hammering 
no end and pulling a rear axle out of the Chevvy. 
Now my parent is not quite consistent, in my 
opinion, as he is also always bragging about the 
swell butcher knife he makes from an old broken 
spring leaf and I remind him that at the time the 
spring breaks his discourse is extraordinarily 
profane on the crystals et al so how come it 
makes such a good knife? The only result of my 
observation is a cut in my allowance. I often 
suspect that my present affiliations are the result 
of this incident which unconsciously gives me a 
desire to know something about the stuff. 

In the University I later attend, I major in 
Football with some liberal arts on the side. | 
play a bang-up game and they are plenty liberal 
with the Arts so we get along fine and in due 
course I’m out. 

About a month later I’m offered a job in a 
Forge shop. They want me to work on a ham- 
mer but I point out I only went to school so as 
not to have to bend my back eight hours a day 
the rest of my life. They seem somewhat dubious 
concerning my formal education so I ask them if 
they remember last year’s event with State when 
‘certain guy runs 90 yd. in the last 30 sec. to 
pull the game out of the fire? They then concede 
the point but aren’t particularly impressed. How- 
ever they say OK I can work in the labratory, 
‘ol sign up right away with CIO as that labratory 
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right quick that I’ve been running the 
Rockwell for two whole weeks and 
can twist the dial and record the 
numbers as well as the next guy. | 
immediately sense maybe that’s the 
wrong answer as he gets up and sits 
down twice about as fast as our trip 
hammers, mumbles something about War and 
then tells me never mind. 

The next afternoon as I'm running the hard- 
ness tester using the sharp point he keeps walk- 
ing by watching me all the while so I figure he’s 
sizing me up and I don’t even leave for coffee. 
This works fine and I’m certain the proper 
impression is made when the next day he shows 
a lot of interest in reading my records. In fact 
he asks that everybody watch me closely and 
read my figures which is quite a distinction. 

But to get back to hardenability, I'm finally 
put in charge of all the little round bars which 
are about four inches long to which we do a lot 
of things. You’d never believe the trouble we go 
to working on these bars. What's so discouraging 
is that after we get them all machined and ground 
and make all the litthe marks, which have to be 
just so far apart, we pile them up in a corner and 
let them rust. Anyway for the next few weeks 
I’m rushing around like I got a hot cinder down 
my back seeing that the pieces are cut, forged, 
machined, and heated in the round box and then 
stuck one at a time in the hole over the water 
spout. It seems like a lot of nonsense repeating 
the same thing over and over again and I finally 
discover to my amazement that all they want to 
know is where the hand on the dial stops when 
they put the bars under the hardness tester. I’m 
convinced by now that there must be an easier 
way, and further I can’t understand what the 
stopping place on the dial has to do with the big 
chunk of steel we put under the hammer and, 

























particularly, what relation this rat race has to do thing about grain size which I miss entire) 
with the parts we make which aren’t little round Sticking a hot piece of steel in an oil tan) 
bars at all. always appeared to me to be a clean cut simp) 
The longer I try to figure this out the more procedure about which there could not be mucl 
confused I get and I reach the conclusion that the controversy. Well brother, these guys really com. 
whole set-up must be due to the current political plicate things and we get so involved with this 
Party in power who gets me so mixed up in other process that I’m almost ready to resign. Hoy. 
things. One day when I’m waiting for the fur- ever one thing seems to be apparent from all this 
nace to get hot I up and asks the Super if he and that is that the depth of hardness of a hea 
wants me to take this silly situation up with our treated part (and the brain trust go to greg 
Ward Boss, a good friend, who has many limes lengths to emphasize depth) can be directly 
helped me out of other Bureaucratic restrictions. hooked-up to this little Jominy bar so it is very 
Starting real gentle and quiet-like the Chief says very important. 
this rouline isn’t a government order at all. In One of the fair haired boys almost breaks 
fact it’s his own idea to use this system which up the bull session when he says tempered 
some smart guy named Jominy cooks up orig- Jominys are what we really ought to be running 
inally his voice getting louder as he ends the I miss the next few minutes as I am turning over 
sentence. in my mind these amazing facts which start | 
He somehow knows I’m skeptical, just like explain many of my past sad experiences. Mos! 
he can tell every time if the machine shop forgets of the evening everybody has been friendly eve: 
to keep that white oil running on the Jominy in the heat of argument. Things are starting | 
bars when we grind them. Before I can stop slow down when all at once the place fair 
him he’s giving me a lecture on why I'm working explodes with gesticulating comment. Even t! 
with these bars and believe it or not, he talks for Super a man of much composure waxes nig! 
an hour. If what he says is true this guy Jominy unto irrational. I get out of that meeting in : 
Slurts where Ouija leaves off. I learn that the hurry to meet my cup-cake and never hear th 
oulfits that make the steel finesse a whole heat finish but I seem to recall that about the tim 
if the Jominy bars aren’t hard enough. In fact things blew up we were talking about harder 
they somelimes have to be just so hard, at maybe ability elements when somebody said something 
one single posilion on the bar. That’s slicing it about Moron. Who called who, I never do fi! 
pretty thin and the whole thing, as far as I’m out but the next day everybody seems as friend! 
concerned, borders on the occult. I make it a as ever. Funny about these scientific Guys 
point to check this tale with the rest of the fel- After this session I see the light and pains 
lows individually around the place and all their takingly carry on watching that everything runs 
stories jibe. Finally I’m convinced after they smoothly and I get a lot of sheets with hardness 
show me prints of a lot of parts where in wriling readings on them. Once in a while the Boss 
it says J-50 @ ,;” which weird as it may sound looks at one of the sheets and gets excited an 
is one of the most important parts of the spec, we have to tell the shop to lay off a certain lot o! 
from the way they insist on it. steel. This invariably awards us with a call fro! 
The boys in the lab and the plant see I’m one of those Fellows from out of town who rides 
interested and one night we all stay for a little the trains and drinks beer and argues with th 
meeting and the Brain Trust is invited and every- super for a living. 
body lets his hair down. It blows hot and heavy Yesterday this fellow is in and after we settl 
for a couple of hours and here’s the way I get the current trouble which is that three of ou 
this Jominy business: Bars don’t quite make the proper hardness, th 
The brain trust says that every position on chief starts talking about the new part somebod) 
the bar has a very definite cooling rate and cool- needs quick and if we can use a_ bunch 
ing rate determines hardness. That’s why I have squares sitting out in the field. I figure the old 
to be so precise in running the test. Also chem- Man is just testing this guy as we looked ove! 
istry must be OK. Further I’m informed that our figures this morning on the stuff and t! 
although hardenability depends on the amounts boss said go ahead. 
of chemical elements in the steel they are more The poor unsuspecting visitor looks 
concerned about the hardness of the little Jominy drawings of the part, and the chemistry 
bar at various positions than they are about the old steel squares, asks us who’s going to § 
exact chemistry of the big heat of steel it came parts and how they treat them? The boss answe! 
from. This sounds contradictory but I don’t get all the questions and is sitting back with « !o 
to dwell on it long as they keep going with some- on his face like the time he takes my bet 


th 
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\Jma mater that cost me plenty. The fellow in 
ble-breasted produces a gadget he calls a 
e and starts playing with it. Next thing 
we know he’s looking at a long strip of paper 
with a lot of lines on it and all at once he says 
sure we can use the bars. The Super closes his 
ind smiles and says why is the other one 


the ¢ 


slide 


eyes 
- cel ain. 

| hate to see a good guy mouse-trapped like 
that and I’m feeling sorry. The visilor says as 
how their company made the heat so it’s S,O, 
and further it will give a Rockwell of 45 at ~,” 
which will easily make the part. The boss shifts 
forward and asks how come he knows about 45 
it 5” all the time looking at me like I spilled 
something. (Now I worked half the night before 
getting out the Jominy because we didn't know 
f we could use the stuff but I sure as hell didn’t 
say a word.) The visitor says something about 
D I, whoever that is, and shoves the odd rule at 
the Chief, and the two of them start sliding it. 
Finally they start writing down figures and so 


Correspondence 


Direction of Notch in Impact Tests 
on Plate Steel 


MUNHALL, Pa. 
lo the Readers of MeTat Procress: 

The article by G. F. Comstock on “Mechan- 
cal Properties and Weldability of High Strength 
Plate” in the March 1945 issue of Metal Progress 
was of considerable interest to us as we have just 
completed a study involving some impact tests 
nm plate material of the same type. The study 
ncluded a number of heats and a number of 
different plates from the various heats. The tests 
included material as-rolled and after normalizing 
it 1600° F. 

Unfortunately, the results of our tests did 
not substantiate the high energy absorption 
values obtained by Mr. Comstock. His values 


ml 


ran as high as 206 ft-lb. at —30° F., 180 at 32° F., 


help me they come out with practically the same 
dope it takes me half a night to collect. 

It's easy to see the Chief is impressed, in 
fact he makes the other guy manipulate the 
Gadget for almost an hour. The session finally 
breaks up with the tall one promising to send us 
one of those calculating outfits and the chief mul- 
tering something about his sweating blood for a 
college degree. I stay a little late and look over 
the curves they draw compared with the ones 
I make from putting the bars through the fur- 
nace and come to the conclusion thal I chose the 
wrong job after all. 

All the way back through the shop on the 
way to the parking lot I’m thinking if it weren't 
for the question of post-war employment I'd get 
the burner to cut up that Jominy Jig the day we 
get the fancy slip stick. Also I use the old bean 
and figure that then they'd have to have a lot of 
chemical compositions and that would mean an 
annex on the chem lab and Ma sure didn’t raise 
her Son to be an analyst. rs) 


and 199 at 70° F. When our values 


(each the average of three or more 
tests) are plotted we find them to fall 
within the limits of 3 and 40 ft-lb. at 
—25° C. (—13° F.), 5 and 110 ft-lb. at 
0° C., and 10 and 110 ft-lb. at 27° C. 
(§0° F.). 
Perhaps the high impact values 
obtained by Mr. Comstock may be 
explained by our experiences with this 
type of steel. 

In order to expedite the prepara- 
tion of the impact specimens the 
notches for a group of parallel speci- 

mens were produced by milling the notch parallel 
to the rolled surface and subsequently machining 
the individual specimens from the larger piece. 
Mechanically the procedure was satisfactory, but 
the impact values obtained ran as high as 207 
ft-lb.; some specimens bent without breaking, 
and others known to be brittle at the temperature 
of the test gave erratic and abnormally high 
results. Additional tests from the same plate 


were prepared from sections adjacent to the 
previous tests. This time, however, the specimens 
were prepared individually with notches milled 
normal to the rolled surface. When these speci- 


mens were tested the impact values obtained 
were “normal” and within the limits noted above. 

The reason for this abnormal behavior of the 
material notched parallel to the rolled surface 
was readily apparent. Some of the specimens 


were badly laminated and the notches often 
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terminated at or near a plane of lamination. The ratios of average impact values wit} 
Under these conditions the stress concentrating notch perpendicular to plate surface to thos 
effect of the notch was completely nullified and with notch parallel to surface (as reported 
the specimen reacted in simple bending. Metal Progress) are as follows: 

The rolling of steel plate quite naturally Tests at 70° F. 0.32 to 0.44 
develops a fibrous condition with planes of Tests at 32° F. 0.21 to 0.32 
the Tests at —30° F. 0.10 to 0.19 


varying mechanical properties parallel to 
These results show that the effect of tem. 


rolled surfaces. Thus it is logical, regardless of 
whether the material is clean and homogeneous, perature on the impact test results was reduced 
or badly segregated and laminated, to place the by our use of notches parallel to the surface oj 
Charpy notch perpendicular to the plane of rolling the plate. 
notch sensitivity of certain samples, such as 


It seems probable also that the highe: 


and thus average out the effects of surface-to- 
surface variations within the plate. numbers 4, 7, 12, and 13, may have been exag. 


W. R. ANGELL and M. R. Gross gerated by our method of testing as compared 
Materials Engineer Associate Metallurgist with yours. The large difference between th; 
U. S. Navy Metals Laboratory results obtained with the two methods of notch- 
ing is quite surprising, as our samples did no! 
Mr. Comstock Replies seem to be badly laminated or seamy. 
The steels in my experimental program were 
all notched in the same way, namely, parallel to 
the surface of the plate, and consequently the as Exemplified by Anti-Friction Alloys 
results published should show the comparative 
order of merit of the steels in this test, when so Paris, Franc 
made. It appeared logical, also, to notch the To the Readers of METAL ProGress: 
rolled surface of the plate because this simulated Tests used to select metallic materials for 3 
the conditions to be expected in service. It is specific application (acceptance tests) can b 
hard to imagine a notch of any importance that based on two methods of attack: 
might be produced in welding or fabrication or 1. A theoretical conception can be formed 
by accident, that could be other than parallel to of the mechanical actions to which the materia 
the surface. is submitted in service, and the tests which wil 


Choice of Acceptance Tests 


Unfortunately, the “impact” test is not yet insure its resistance to these actions can b 
standardized. Undoubtedly it would be difficult deduced therefrom. 
to standardize between laboratories because of Without disparaging the theories of elasticity 
slight differences in the form of the notch. For or strength of materials, or the new technique o! 
that reason the results are of most importance to stress analysis, large errors are sometimes 
a single laboratory when comparing one steel involved — later to be rectified by experience 
against another, and then only when numerous by using various direct methods of stress deter- 
circumstances are held under constant control. mination in structural or machine parts. I refe! 
We have, however, repeated our tests on cer- to such methods of testing as photo-elasticily 
tain of the plates, cutting the notches perpendicu- “stress-coat” lacquers, or strain gages. Mathe- 
lar to the surface, and find that it does indeed matical formulas cannot adequately predict, even 
make a surprising difference. These re-tests in parts of simple form, the influence of a series 
gave results as follows: of factors that are difficult to analyze and meas 
ure, such as shock, vibratio! 





inertia, interference of 
OLD between different materials 
IMPACT RESULTS; surfac ee ‘ 
aia ’ urface effects such as col 
< HEAT TEMPERATURE | ppcreranct re Laie 
TREATMENT Fr-Lp and abrasion. 
ba 2. On the other har 
As rolled 32° F. 51; 30; 29 176; 175 objective and expe rime! 
lormalize “Ojo F ‘ ? 95-96-47 20G- 
| Normalized, 1600° F. : ‘ 39; 36; 17 206: 198 method can be adopted 
As rolled 32° F. 53: 59: 60 180: 169 
Normalized, 1600° F. 30° F. s3: 17: 17 135; 165 
As rolled -. 69: 68: 76 154; 155 
As rolled 70° F. 40;47;56 | 146; 153 parts deteriorated in s 
As rolled : *. 20; 25; 9 124; 151 observing particularly th: 
As rolled 7 P 48; 66; 59 146: 158 


NotcuH PERPENDICULAR TO SURFACE 


consists of examining an 
lyzing the manner in whi 


acteristics of the fracture 
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occurs. A method of testing can then be 
which reproduces the phenomena and 
ristics thus determined. 

example, if the piece fails by brittle 

(as in the case of railway tires), the 
test could be adopted if it reproduced the 
type and characteristics of the fractures observed. 
if, however, a fatigue failure occurred (as in the 
f aircraft engine crankshafts), the endur- 
ance test would be favored. Obviously, the 
classical tensile, hardness, shock, and similar 
tests should not be invariably and rigidly pre- 
scribed, as is so often done, regardless of the 
nature of the metal or the part. 

\ typical recent example is furnished by 
M. Dannenmiller’s analyses of tests for apprais- 
ing anti-friction alloys for thin-wall babbitt bear- 
ings within steel or bronze bushings or shells. 
These alloys have ordinarily been judged by the 
classical hardness, compression and sometimes 
tensile and shock tests. Actually, however, obser- 
vations show that operational failure is produced 
by the following mechanisms: 

|. Seizure may result from poor lubrication 
rv imperfect machining of the rubbing surfaces. 
Direct contact of metals produces high local heat, 
which either fuses the bearing or causes momen- 
tary welding to the shaft. Such failure is a 
mechanical trouble and the metal of the bearing 
is not the cause; all that can be required of the 
latter is that it melt in such a manner as to limit 
the damage by leaving the shaft intact. The anti- 
iriction metal must be sacrificed in order to save 
the mechanical part. Fusibility of the alloy is 
therefore a property to be considered. 

2. Seizure may result from the shaft and 
the bearing being off center, either as a result of 
imperfect mounting or machining, or of relative 
displacement of the supports of the journal box. 
Gripping of the shaft, high stress localization, 
ind failure by the same mechanism as outlined 
above then ensues if the plasticity of the metal 
its tendency to deform under constant load) 
does not permit this load to be spread over a 
large surface by flow of the metal. This flow of 
the metal should stop — or at least become stabi- 
lized at an insignificant rate 
pressure is again reduced. 

3. Fissures and fragmentation in 
patterns may appear in the anti-friction layer so 
that it eventually becomes separated from the 
‘Support or the metallic bushing (generally steel). 
This is a result of alternating bending to which 
the assembly of bushing and babbitt is submitted. 
Experience has shown that this is not caused by 
shock but by bending. The phenomenon has 
been reproduced by the alternating bend test or 


fract 


tensil 


case 


-as soon as the 


mosaic 


fatigue test on bands of steel babbitted with a 
thin layer of anti-friction metal. The latter oper- 
ates under constant deformation imposed by its 
support; it should, therefore, possess a low modu- 


lus of elasticity. 

The properties and control tests may now be 
enumerated as follows: 

1. Sufficient fusibility, determined by the 
choice of the composition of the alloy. 

2. The proper degree of plasticity, deter- 
mined by flow tests. 

3. Low modulus of elasticity, determined by 
precise tension or bending tests. 

Other properties which are generally consid- 
ered to be of great importance, such as thermal 
conductivity and coefficient of friction, appear to 
play only a secondary role. 

Thus, a careful and critical analysis of the 
types of failure affecting the life of bearings has 
led to the adoption of entirely different tests from 
those formerly used to appraise and control anti- 


friction alloys. 
; ALBERT M. PorTEVIN 


Editor 
Revue de Métallurgie 


A Core of Gentility 


WasHInNoTon, D. C. 
To the Readers of Meta ProGRESS: 

Here is proof that interesting metallographic 
oddities can be found in photomacrographs as 
well as photomicrographs. People occasionally 
get into hot water, but it is supposed they shortly 


—_— 


may escape from this predicament. However, 
here is photographic evidence of an elderly lady 
who was exposed to hot water (114-in. pipe) for 
a period of eight years. She obviously has been 
able to maintain her dignity and coiffure despite 
her corrosive surroundings. 

Gerrit De Vries 


Assistant Metallurgist 
National Bureau of Standards 


November, 1945; Page 1117 




















Maximum Carbon in Carburized Cases 


CINCINNATI, OHIO 
To the Readers of Meta Procress: 

Recently there has been discussion in Metal 
Progress relating to maximum carbon in car- 
burized cases. Consideration has been given to 
this problem by Floyd E. Harris, April 1944, page 
683, and Sidney Breitbart, June 1945, page 1121. 

Without going into the subject at too great 
length there seems to be no reason why the maxi- 
mum carbon should be limited by the Ac,,, line — 
in fact, there is reason to believe otherwise. It is 
our impression that this problem was settled long 
ago. Georges Charpy in Comptes Rendus for 1903 
found that in carburizing a 3-mm. diameter piece 
of steel at 1000° C. he obtained 8.32% carbon 


Arc Welding of Rail Steel 


WATERTOWN 
To the Readers of METAL PRoGRESsS: 
The article “Arc Welding of Rail Steel” }y 
Messrs. Haynes, Graft and Spencer of 
Research Foundation in Metal Progress for May 


Armou 


1945 is particularly interesting for its emphasis 
on the heat input as an important factor in mak 
ing a satisfactory weld. It is regretted, howeye: 
that the authors did not also include data on siz 
of their electrodes, together with either rate 
are travel or current and voltage, so that th 
reader could better appreciate the actual welding 
conditions when interpreting the results. 
The figure of 11,000 joules per in. of bead o1 
¥g-in. material, given as an optimum value fo: 
heat input on the basis of bas 








Compacting 


Time at 1700° F. 


No. III 


No. I 


No. II 


23.000 23.000 9.000 


24 hr. 
Hardwood 
charcoal 
+10% 
Na.CO., 
15% 
Mostly 
graphite 
+some | ¢ 
carbide 
of iron 


pressure, psi. | 
20 min. 20 min. 
Hardwood 
charcoal 
+10% 
Na,Co, 
6.3% 
Form of carbon | Carbide Mostly 
(judged by of carbide 
metallo- iron of 
graphic iron 
examination) 


Hardwood 
charcoal 
only 


Carburizing 
media 


Carbon added 1.6% 


No. IV 


23.000 
24 hr. 
Hardwood 
charcoal 
+10% 
Na,CO, 
11.2% 
Mostly 
graphite of 
some 
carbide + 
of iron 


No. V metal thickness, is a somewha 


novel concept. On such a basis 
we would need 88,000 joules pe 
in. for a this 
material, and higher values fi 
Whether th 
should be con 


138,000 
24 hr. 
Hardwood 
charcoal 
+10% 
Na,CO, 
3.1% 
Carbide 


l-in. section of 
heavier sections. 
cooling rate 
trolled by regulating heat input 
or by preheating is determined 
by whichever is the simpler t 
iron apply and most dependable i 
practice. ) 

In the third 


graphite 





statement ol 





'% as graphite) after 64 hr. in coal gas and 
27% carbon (8.27% as graphite) after 36 hr. in 
pure CO gas 

For some time now in our metallurgical 
laboratories at the University of Cincinnati the 
undersigned and his associates R. O. McDurrie 
and E. E. Stanspury have been conducting experi- 
ments on the simultaneous sintering and car- 
burizing of compacts of pure iron powder (“iron 
carbonyl L”) with an additional hydrogen reduc- 
50° F. The samples were 4-in. disks 
about 0.040 in. thick. 
burized at 1700° F. Results of five typical tests 
are given in the table. 

These are just a few results in a fairly exten- 
sive study. Incidentally, we are not planning to 
rely on identification of kinds of carbide or of 
graphite by means of the microscope alone. 

It is difficult in view of this evidence for us 
Consider, 


tion at 
They were pack car- 


to consider the Ac,,, line as a limit. 
6.3% average carbon in 20 min. at 1700° F.! 
JOHN F. KAHLES 
Assistant Professor 
Metallurgical Engineering 
University of Cincinnati 


the conclusions given on pags 
915 (“Rail steel, and similar high carbon steels 
of the section weights discussed in this paper, can 
be welded with high heat input rates and with a 
good degree of success without the precaution 
preheat and stress relief”) the phrase 
section weights discussed in this paper” should 
be emphasized. 
WILLIAM L. WARNER 
Senior Welding Engine 
Watertown Arse! 


The Authors Reply 

The size of electrodes should have been met- 
tioned. %&-in. welding rods were used on sections 
¥g in. thick, ,,-in. welding rods were used 
sections % and % in. thick, and ¥% or yy 
welding rods were used on sections ;4; in. thick 
The size of rod used is determined, not from heat 
input required, but from the convenience of the 
welder, to enable him to get a good physica! weld 
with proper penetration and bead contour 

The currents used were somewhere near th 
middle of the range recommended by the manu 
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of the particular rod being used. Here 
it is necessary to choose the current in 


such « way that the heat input requirements are 
met and, at the same time, the rate of travel of 
the rod is such as to produce a good physical 
weld with proper penetration into the base metal. 


foo low a current would probably result in poor 
penetration and slag inclusion in the weld 
deposit; if too high a current is used the weld 
deposit would probably contain gas pockets. 

(he heat input mentioned in the article is 
both a minimum and optimum value. However, 
it is often possible to depart from these condi- 
tions and still get good welds. If the heat input 
is less than the minimum suggested, martensitic 
hardening is almost sure to result and it is almost 
impossible to get a good weld. However, it is 
possible to exceed the heat input suggested and 
get very good welds. We often exceeded the opti- 
mum heat input suggested in the article without 
obtaining excessively large grains or bothersome 
internal stresses. 

We do not argue that preheating might not 
be a highly satisfactory way to produce good 
welds in rail steel or metal with a similar chem- 
ical composition. However, in many instances, 
it is an economic problem and if welds can be 
produced without preheating, there is usually a 
marked saving in expense. 

In all probability, the difficulty of putting in 
sufficient heat to produce good welds without 
preheating will increase with increasing section 
thickness. However, our experience indicates 
that sections thicker than the ones reported in 
the article can be welded very satisfactory using 
the technique described. 


Stress-Corrosion Cracking of 18-8 


SHEFFIELD, ENGLAND 
l'o the Readers of Meta. Prooress: 

The combined effects of stress and corrosion 
upon metals are of considerable importance in 
industry, and have been studied by many differ- 
ent investigators. Probably more attention has 
been given in the past to conditions where stresses 
Were fluctuating or alternating rather than 
steady, and one need only refer to the extensive 
researches carried out on corrosion fatigue by 
McAdam in America and by Gough and his col- 
laborators in England to realize the complexity 
f this particular part of the subject. 

\ study of technical literature would suggest 
that, until recently, less attention has been given 
‘o the combined effects of steady stress and cor- 
rosion. Actually, however, a considerable amount 
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of work on this subject has been carried out in 
certain laboratories over a period of some years. 
The symposium arranged by A.I.M.E. and 
A.S.T.M. and held in Philadelphia in November 
of last year* on “Stress-Corrosion Cracking”, as 
it has been termed, has served to focus attention 
on the fact that various metals and alloys in 
common use, including stainless steels of various 
types, are liable to crack if they are subjected 
simultaneously to steady stress —either exter- 
nally applied, or internal and resulting from prior 
cold working or heat treatment operations — and 
to the attack of certain corrodents. 

Much of the recently published data has 
referred to laboratory tests in which stainless 
steels, suitably stressed, have been exposed to 
rather severe corrosive conditions, the idea being 
to obtain some quick indication of the steel’s 
probable behavior when subjected for long peri- 
ods under stress to milder forms of corrosion. 

Some examples of failure under working 
conditions have also been recorded and they 
have indicated that stress-corrosion cracking of 
austenitic stainless steels can occur in environ- 


















Hospital Bowl of 18-8, Failed by Stress-Corrosion 


ments which can only be considered as mildly 
corrosive. It may be interesting therefore to 
quote an example, which occurred some years 
ago and is illustrated in the accompanying photo- 
graph, of cracking in severely strained stainless 
steel of the 18-8 type where the corrosive environ- 
ment consisted of the atmosphere in a city hos- 
pital. The hospital bowl shown in the photograph 
was drawn from polished sheet and the beaded 
edge then turned over. No intermediate or final 
softening was given — probably in order to save 
the expense of descaling and repolishing — and 
consequently the final product was in a dras- 


tically cold worked condition, especially at the 


*Reported in Metal Progress for January 1945, 
page 75. 




























beaded edge. The bowl cracked in the manner 
shown after it had been in use for a short time, 
and other similar bowls cracked while held in 
stock standing unused on the shelf. 

Whether such cracking is due entirely to 
internal stress and therefore could occur in the 
complete absence of corrosion is a question to 
which an answer is not yet forthcoming. It seems 
very probable however that its onset may be 
accelerated by certain types of corrosive attack. 

In the apparently somewhat analogous * 
son cracking” of brass, a solution of mercurous 
nitrate has proved invaluable in showing in a 
few minutes whether a given sample is suscep- 
tible to this serious type of failure or not. No 
equally efficient reagent seems yet to have been 
discovered for the austenitic stainless steels, but 
tests carried out in Brown Bayley’s research 
laboratory some 12 or 13 years ago indicated that 
immersion for 24 hr. in a 5 or 6% solution (by 
volume) of concentrated hydrochloric acid in 
water at atmosphere temperature appeared to 
give a fairly satisfactory indication. Possibly 
the boiling concentrated solution of magnesium 
chloride recently suggested by Scheil may be still 
more effective. Tests with the hydrochloric acid 
reagent suggested that cracking might occur in 
cold rolled material having a tensile strength of 
about 200,000 psi. or more; on the other hand 
no evidence of cracking with this reagent was 
obtained when tensile strength did not exceed 
180,000 psi., even when such material was also 
subjected to a certain amount of externally 
applied stress while immersed in the test liquor. 

These results are of interest in several ways. 
When read in conjunction with recent data relat- 
ing to severer corrosive environments — and, 
probably, lower stresses — they suggest that the 
subject of stress-corrosion cracking is probably 


*sea- 


a very complex one. 

From a practical aspect, the failure of the 
bowls indicates the wisdom of the general prac- 
tice in industry of softening deep drawn articles 
in 18-8 steels as soon as possible after drawing; 
it also shows the danger which may result from 
using 18-8 in the heavily cold worked condition 
for such purposes as in the structure of aircraft 
where any failure by cracking would have most 
serious consequences. 

In the latter connection it may be noted that, 
in Britain, the tensile strength of cold rolled 18-8 
sheet or strip used for aircraft construction is 
limited by specification to a maximum of 70 long 
tons per sq. in. (157,000 psi.). 

J. H. G. MONYPENNY 


Chief Metallurgist 
Brown Bayley’s Steel Works, Ltd. 


Metal Progress 


Pit Corrosion 
of Magnesium Alloy Castings 


HATFIELD, ENGLAND 
To the Readers of METAL PROGRESS: 
I have read with interest of Mr. Miller's 


experiences with magnesium castings as given on 
p. 752 of the October 1944 issue of Metal Prog- 


ress. 
problem is one alone; each requires personal 
investigation on the spot by a competent investi- 
gator before intelligent comments can be passed. 

Atmospheric conditions here at Hatfield are 
described by us as “rural” since there is virtually 
no industrial polution. Under these conditions 
we have had small magnesium-base alloy cast- 
ings on atmospheric exposure test for 4 years, 


My own experience is that every corrosion 


The nominal composition of these castings is 
8.0% aluminum, 0.4% zinc, 0.3% manganese. 
They are supplied as castings to British specifica- 
tion DTD.59.A, whose impurity limits are rather 
higher than those stipulated in U. S. Army and 
Navy specification AN-QQ-M-56. 

The castings in question have been continu- 
ously exposed to the natural elements. Included 
in the series is a casting which has been treated 
by the British Royal Aircraft Establishment 
“half-hot chromate process” only. As the excel- 
lent condition of this casting may be of interest 
a photograph is reproduced. 

As regards storage: It is desirable that such 
parts be kept in a clean dry place. If storage 
conditions are not good, then the application of 
a suitable organic protective may be worth while. 

G. W. WEEKS 
Aircraft Division Metallursgist 
The de Havilland Aircraft Co., Ltd. 


Good Condition of Magnesium Casting Protecteé 
by “‘Half-Hot Chromate Process” Only, After # 
Months’ Exposure in Rural Atmosphere. Actuc! siz 
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"7 Molybdenum is an economical preventive 
of temper brittleness in cast steel. 
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CLIMAX FURNISHES AUTHORITATIVE ENGINEERING MOLYBDIC OXIDE, BRIQUETTED OR CANNED « 
DATA ON MOLYBDENUM APPLICATIONS. FERROMOLYBDENUMe “CALCIUM MOLYBDATE” 


Climax \Molyt @e num Company 
soo F ith. Avenue - New York ¢ City 


fd Vey nest 
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STEPHEN F, Ursan @ has re- CHARLES T. Evans, Jr. &, fo 
signed from Carnegie-Illinois Steel merly manager of the carbjg, 
Personals Corp., Chicago, to become director department of the Titusville play 
of research for the Titanium Alloy of the Universal-Cyclops Sto, 
Mfg. Co., Niagara Falls, N. Y. Corp., has been appointed 
Joke Vian @ will be district metallurgist for the Elli 
manager of the newly opened Mil- Paut S. Kines_ey &, formerly Jeannette. Pa 
waukee offices of Chicago Steel with Wright Aeronautical Corp., is wih ch si 
Service Co. now metallurgist for General Elec- ArtHur S. CorrinBerry @ ha 
tric Co. in the Bloomfield (N. J.) left Tube Turns, Inc., to becom, 
Wakemnan NavsoKs @, chief Works. associate professor in the depart 
engineer, Steel Improvement & | | _ ment of mining and motellarsies 
Forge Co., has been appointed a Emit Remnuart @ is now con- pica 
member of the Technical Commit- nected with Timemaster, Inc., 
tee of the Drop Forging Association, Chicago, as tool and process engi- 
Cleveland. neer, ANDRE Baupat @, formerly 
supervisor of equipment enginee; 
ing at the Boeing Aircraft Co. 
Canada in Vancouver, B.C., has re. 
signed his position to take charg 


THE PIONEER OF HIGH SPEED TOOL STEELS |[mrAieeTna neem aura 


Seattle, Wash. 


engineering at the University 
Kentucky. 





FLoyp Rose @, formerly presi 
dent of Vanadium-Alloys Steel ( 
has been elected chairman of thy 


USED THE WORLD OVER board of Firth-Sterling Steel ( 


McKeesport, Pa. 


Marvin C. Morretrr @, forme: 
with the By-Products Steel Cor; 
and Lukens Steel Co., is now ge 
eral manager for H. P. Turner ( 
Atglen, Pa. 





Pau, R. Curren @, former 
assistant chief chemist of Consoli 
dated-Vultee Aircraft Corp., Fort 
Worth, Texas, has joined the staf 
> of the Hanson-Van Winkle-Munning 

Co., Matawan, N. J., as an electr 


chemist. 


NOVO SUPERIOR s 
1 


is admirably 
suited for: 


‘ 4 Seon Epwarp J. Pavesic @, former) 
tie Bod with the Studebaker Corp., is n 
a metallurgist for the Lindbers 
; Steel Treating Co. in Chicago. 
Lathe Turning Tools Wherever fine tool steel is demanded you'll find 
NOVO SUPERIOR. Accepted from the very Rosert L. Kiem @, formerly 
Milling Cutters first as the standard, it has consistently held its research fellow at the Powdé 
Metallurgy Laboratory, Stevens l 


f ost ition throughout the machine world. . ro 
_— — "e stitute of Technology, Hobok 


Reamers 

It offers unusual resistance to abrasion and holds a N. J., is now development enginet 
with the Massachusetts Pressed 
Powdered Metals Corp., Worceste! 


Try NOVO SUPERIOR for your better tool needs. Mass. 


A year's run will demonstrate longer tool life, elim- 


Taps keen edge through long tool life. 


Drills 

RicHarp B. WEIMER © Dba 

Circular Form Tools opened consulting engineering 

and all other metal tially lowered tool overhead. offices in Cedar Rapids, | 

cutting tools — i iaiies 54 Sing stan 

ing superior quality. specializing in plant iayo 
design of mining equipment. 


ination of cracking during hardening and substan- 


‘*‘*NOVO SUPERIOR’’ | 
R. H. Kuven @, formerly sae 


and shop efficiency ere synonymous manager of Chrysler Corp.'s 
dered metal division, has 

his own company of engi! 
consultants known as R. H. 
Associates in Grosse Pointe, * 


H. BOKER & CO., Inc. , 
Emit L. Savarp @ is ni 
101 DUANE ST. e NEW YORE ployed by the Raytheon M! 


Boston, as a development e! 
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Listen to the Human Adventure 
on the Mutual Network every 
Sunday evening, 9 to 9:30 P. M., 
Eastern Time 
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The green light in metals... 
Revere has them NOW 


Revere knows well how precious to.the-mation ich of these post-war 
days-ean-be, arid how crippling to industry and employment could be 
a shortage of essential metals. That is why, since V-] Day, Revere has 
been in full production for peace 
~~ Fortunately, Revere metals can serve the needs of creating as well 
as those Of~destroying, can make as fine bathroom fixtures as bomb 
fuses, as excellent radiatorsfor automobiles as for half-tracks. No 
difhcult reconversion problems have stifled-che outpouring of Revere 
metals 
Revere copper, brass, bronze, aluminum, magnesium, steel, are 
ready vow, are already busy in thousands of plants helping shorten 
the period of reconversion for industry and for the nation 
We are able and eagerto do more. One inevitable result of Revere’s 
war effort has been that not onty.our ability to produce, but our ability 
\ to give service, have been expanded*many times. Revere research has 
\ probed further and deeper. Revere Technical Advisors are armed with 
greater knowledge and experience. New methods, metals and ma 
chines may save precious time or cut all-important cost for users 
of our metals 
In all these ways Revere is ready now to serve the manufacturing 
and building industries to help you prove im mediately that America 
is even greater in peace than she proved to be in war. In the same way 
Revére is ready to serve home owners with its building products which 


are stocked by Revere Distributors in all parts of the country. 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
Executive Offices: 230 Park Avenue, New York 17, N. Y. 
Mills: Baltimore, Md.; Chicago, 1/1; Detroit, Mich. 
New Bedford, Mass.; Rome, N. Y. 


Sales Offices in principal cities, Distributors everywhere 


n, O 





a Houston, Texas Indianapolis, Ind Los Angeles, Calif 
: Milwaukee, Wis. Minneapolis, Minn New York, N. Y 

4 : Philadelphia, Pa. Pittsburgh, Pa P R. 1 

2 St. Louis, Mo, S Francisco, Calif. tt Wast 









: The Revere Office nearest you is at your sert 
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Personals 


DonaLp L. Cotwet, @ has re 
signed as coordinator of conserva- 
tion for the Navy Department to go 
to Tokyo with the U. S. Strategic 
Bombing Survey. 


Francis C. Frary @, director of 
research of Aluminum Co. of Amer- 
ica, has been elected to receive the 
Perkin Medal of the Society of 
Chemical Industry. 


W. R. Suimer @& has retired as 
metallurgical engineer in charge of 
sheet, strip and tin mill products, 
Bethlehem Steel Co. He is suc- 
ceeded by Fetrx F. ALor @, formerly 


assistant metallurgical engineer. 


Joun M. Parks @&, formerly en- 
gaged in teaching and research at 
Rensselaer Polytechnic Institute, 
has joined the staff of the American 
Society for Metals as editor of tech- 
nical books. 


formerly 
Manager, 


Kocsuta ©, 


engineering 


MICHAEI 


assistant 





The three element KEMP 
immersion heating unit, 
practical for the melting 
of all soft metals 


Cross sectional view of one heat- 
ing element, showing direction- 
al flow of the combustion gases. 


N MELTING UNITS 


Immersion Heating Elements Minimize Loss of 
Heat Thus Greatly Reducing Maintenance Expense 


Notice in the diagram how the exhaust gases are utilized in the design 
to raise temperatures. Exhaust vents are so located that a blanket of 
exhaust gases is formed over the surface of the molten metal which 
materially reduces the formation of dross. This factor plus a more 
accurate temperature control and the extraordinary efficiency of immer- 
sion heating, effect a substantial saving in fuel costs. 


Adaptable for purposes other than the heating of soft metals, the 
KEMP immersion application has been employed in many instances. 


Additional information in the form of bulletin E 200.1 
will be forwarded upon request. 


Numerous Other Kemp Products Include: 
ATMOS GAS PRODUCERS, NITROGEN GENERATORS, FLAME ARRESTORS, 
INERT GAS PRODUCERS, DYNAMIC DRYERS, INDUSTRIAL CARBURE- 
TORS, INDUSTRIAL BURNERS, FIRE CHECKS, STEREOTYPE POTS. 


The C. M. KEMP Manufacturing Co. 


405 €£. OLIVER ST. 


BALTIMORE 2, MD. 
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Electric Boat Co., Grotor 
now on the engineerin 
Industrial 


Conn, is 
Staff gf 


tayon Corp., ¢ eveland 


HEINZ V. MENKING © has pm 
signed from American Magnesiyp 
Corp., Cleveland, and accepted , 
position with Reynolds Metals Co, 
Louisville, Ky., as manager of ton 
tile sales. 


STEWART J. STOCKETY ©, for. 
merly with General Electric (Co, 
Ft. Wayne, Ind., as metallurgist, js 
now on the staff of Battelle Memo. 
rial Institute, Columbus, Ohio, 4 
research engineer. 


Appointed professor of met 
lurgy and head of the newly for 
Institute for the Study of Metals 
the University of Chicago: (©) 
STANLEY SmiTH ©, who has be 
head of the Metallurgy Divisio 
Los Alamos (the atomic bomb | 
ect near Santa Fe, N. Mex.). P 
to the war he was research met 
lurgist for the American Brass ( 
Waterbury, Conn. 


WILLIAM F. MCALLISTER &, | 
gineer with the Wright Aero: 
tical Corp., has now joined Car! 
Kiefer Associates, Inc. of Cin 
nati, as industrial project and de 
opment engineer. 


ALAN U. SEyYBOLT @ has left t 
atomic bomb after t 
vears, to become metallurgist at t 
Bayside, L. I. laboratory of Syl 
Electric Products, Ine. 


project, 


Jack F. SMoLe @, formerly p 
manager at the P. A. Geiet 
Cleveland, and his brother, J 
F. Smo_e @, formerly gt 
machine shop foreman at the ¢ 
Controller Co., are now part 
a newly formed conce! 
Webster Products Co. of Cl 


JoHN Howe HALL @ has resig 
his position as assistant me 
gist at General Steel Castings | 
and is resuming consulting | 
in steel foundry work at S 
more, Pa.; he will be retal 
General Steel Castings Cor 
consulting capacity. 


Frep C. Smitu &, forme! 
metallurgist of Tube Tur 
Louisville, Ky., has now bi 
pointed director of quality 


Epwarp K. Pryor &, |! 
a field engineer with the 
Taylor and Sons Co., Ci 
has joined the staff of B 
Memorial Institute, Columb 
where he will engage in ! 
in technical and economic st 





ECAUSE it provides the finest possible de- 
tail and, at the same time, has ample speed 
for light alloys at moderate voltages, Kodak’s 
Industrial X-ray Film, Type M—with or without 
lead foil screens—is logical first choice in the 
critical examination of aluminum castings. Type 
M’s unusually fine grain and remarkably high 
contrast give the finest detail and highest qual- 
ity obtainable. 


Kodak’s Type M meets the emphasis being 
placed on critical inspection and the requirements 
of an ever-widening range of kilovoltages by pro- 
viding the utmost in radiographic sensitivity. 


Kodak makes the four types of film 
needed in industrial radiography 

In addition to Type M . . . Kodak supplies: 
Kodak Industrial X-ray Film, Type K . . . for gamma 
and x-ray radiography of heavy steel parts, or of lighter 
parts at low x-ray voltages where high film speed is 
required. 
Kodak Industrial X-ray Film, Type A . . . most often used 
for light alloys at lower voltages and for million-volt 
radiography of thick steel and heavy alloy parts. 
Kodak Industrial X-ray Film, Type F . . . primarily for 
radiography, with calcium tungstate screens, of heavy 
steel parts. The fastest possible radiographic method. 

EASTMAN KODAK COMPANY 
X-ray Division, Rochester 4, N.Y. 





Characteristic Curve, Kodak Indus 
trial X-ray Film, Type M, with direct 
x-ray exposure or with metallic screens 
(Development: 8 minutes at 68° F., in 
Kodak Rapid X-ray Developer or 
Kodak Liquid X-ray Developer and 
Replenisher. ) 





“umeeded “fa Our wort 3 times” Heat Resistors 





Only ONE weighing when using the COLEMAN MODEL i1 (Continued from | ) 
Model 11 Coleman Spectrophotometer SPECTROPHOTOMETER te Saventiaettin 
with W. H. Sobers’ (Chain Belt Co., ; ; 6a! se Lond 
Milwaukee, Wis.) ‘‘shot-gun’”’ semi- During 1943-44”, Ti 
micro method for nickel, phosphorus, ‘ Bearing Co. 
chromium and molybdenum! That 11. “The Book 
Hy is time saved! ) . Steels”, edited by 1 


American Society for 


: , , 12. H. J. French, 
.+. permits selection of any . = 
color light band required. and A, A. Peterson, “( 
Coleman Universal Spec- Steels at Different Te: 
trophotometer at $340.00 — replaces ; Natl. Bur. Standards 7 
. £ ‘ 1 . . ; » re . wv ‘ . : . . . ' 
visual and filter colorimeters. . No. 362. 1928. 
13. F. H. Norton, 
’ of Steel at High Te 
. copper, nickel and molybdenum M: Inst. Tecl logy. 199 
determinations are done in 20 minutes a ; <a nology, ve 
using the UNIVERSAL, compared to ; - 14. J. Cournot and K 
90 minutes formerly required. Partial List of gawa, “Contribution a l’Et 
. Steel tests, we would have had to Satisfied Users la Viscosité des Alliages 4 


add at least one experienced chemist. Allis Chalenese B6fn. Cu perature Elevée”, 1925 


American Can Co F “Ke “*haractar 
**. .. speeded up our work three times. J. J. Case Co 15. “Flow Characterist 


All problems were referred to us by Chain mon Ge. , Special Fe-Ni-Cr Alloys and § 
. i i 6e . 2 3).°* ontinental Can Co a = igo 
the National Research Council. ay or nd Steels at Elevated Temperat 


Che Dow Chemical Co : 2 , ’ 
Write for Bulletin MP-1145 and ask for Oe ile ice ie ere he On Natl. Bur. Standards Res 


information about new procedures. The Pennsylvania Railroad Co No. 192. Julv 1930 


Turning One Knob 


Users Report 


Shell Oil Co., Ine. » . . . 
fo Anthorteed Standard Ol! Co. of Cat a a ae 
per Lo sisting Steels”, Brit. | 
1938. 
17. S. Craig Alexande: 


WILKENS-ANDERSON CO. Temperature Conveyor Belt 


111 NORTH CANAL STREET « CHICAGO6 ILLINOIS Ind. Heating, July 1944. 
18. Metal Progress Data § 


1943. 

19. Meuller-Burghaus, § 
and Eisen, Vol. 54, 1934, p. 822 
20. M. G. Bolinger and 
Heilig, “Putting the Heat on \ 
Materials”, Power, Vol. 82, N 
1938, p. 89; Ibid, Vol. 83, N 

1939, p. 86. 
21. “Resumé of High 17 


; 
SI 








ature Investigations ( 
During 1941-1942”, Timk« 
Bearing Co. 
- Y 22. “Resume of High 
These new Electro High-Speed Grinding os ature Investigations C: 
p 
Wheels afford faster cutting without During 1942-43", Timk 
troublesome heat development whether mic gh 
. . . aw. Symposium on 

the grind is for snagging or for fine Temperatere en Met 
finishing. lished jointly by Am. So« 

We believe that war demands made it / Materials and Am. So 
possible for ELECTRO to show cooler ; Engrs., 1931. 

‘) or x. > if 

cutting at higher speeds, and present _ P oe of = ; 
: . . . ~ ica OMPOSILLONS, 1ysica 
high state of perfection will be the basis wnt Mechanical Properties of Wt 
for further gains. All we ask is oppor- atthe Corrosion Resisting and Heat 
tunity to prove the cooler cutting at sisting Chromium and Chron 


higher speeds of our wheels. Nickel Steels”, Committe: \-1 
Iron-Chromium, Iron-¢ 


Will you wire us?—or phone Nickel and Related Al! 
us at Buffalo, WAshington 5259? Soc. Testing Matls., Dec. 1 


25. “Timken Digest 
for High Temperature 


Fourth Edition, Timk 
Bearing Co., 1939. 
C. REFRACTORIES & ALLOYS CORPORATION | aiGneomnc a 
Manufacturers of Crucibles @ Refractories © Stoppers © Alloys © Grinding Wheels Corp date. Aleghen\ ’ 
344 DELAWARE AVENUE Established 1979 BUFFALO 2, NEW YORK Steel Corp. date. - 
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16 Spot Welds in One Operation 





































- ies an H ith 
e 300 Assemblies an Hour...with 
ken | 
Sta 
E. Tr 
letals. 
4 
Cep il 
erat 
ch. P 
he ( 
perat 
1929 
1 K, § 
Et 
eS a 
risti 
“tf MALL Welding Tips 
es pot elding Lips 
ies, |} r 
“Heat ULTIPLE spot welding speeds production of reinforced metal 
nst. | box ends, as this modern welder fastens two channels to a 
: flat plate in one operation—and produces 300 assemblies an hour! 
er 
Belt Two channels are placed in a jig, with the flat steel plate on top 
The jig then moves under a battery of 16 water-cooled Standard 
ita She Mallory Spot Welding Tips, which fasten both channels to the plat 
simultaneously, eight welds per channel. With two jigs shuttling 
ius, § back and forth, assemblies are completed at the rate of one ever) 
p. 82 12 seconds. 
ing | 
- Maximum production is assured by the use of standard spot weld- | Useful Handbook | 
32, N ing tips made of Mallory 3* Metal. These alloy tips avoid excess | | 
3, N “mushrooming’’, joining thousands of steel parts with sound welds wae eae pos a —o 
at a minimum of down time for dressing. Both tips and holders are venom § te ‘the improved, re | 
r efficiently water cooled, to lengthen tip life and improve weld quality vised and expanded Mallory Re 
| > " Oo oo Livy 
1 Mallory provides a complete line of standard spot welding tips and ee :- aa rege lh | 
water-cooled holders, in addition to manufacturing all special types sistance welding, when requested 
lr of seam welding wheels, flash, butt and projection welding dies fo: on company letterhead. Price to | 
id specific applications. These electrodes are used for the resistance eo mae aden pcdyemnengane 
welding of metal products of carbon, alloy and stainless steels, paid, B oe aan Mae 
plated metals and aluminum. 160 pages | 
eT 
? Write today for free catalogs describing Mallory electrodes and 
rest holders. Mallory metallurgists and engineers will gladly help you = Gar — 
\ with any specific resistance welding problem. \ 
P.R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 





bry 


dion 





In the United Kingdom, Made and Sod 
Vallory Metallurgical Products, Lid., Lone 





"Rexistered trademark of P. R. Mallory & Co., Inc., for copper alloys 

















- M NYielslelelae| 
. f4\ I [ O 4 Resistance Welding Electrodes 
; ; I 9 ~ 

FLASH 2 es Le t shar 
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Light Alloy W heels. acid IS desirable oo prevents surface pte compared with st 
? oxidation of the DTD300; this also poured at different tem 
Centrifugeally Cast* iinproves the surface on DTD 304 making tensile tests 
. ee eee Aone but has no effect on 2L.33. from three positions ii 
An advantage of the centrifugal ing. All the samples 
process is that it enables thin sec treated in a standardize 
Two rYPES of wheels were cen- tions to be run with quite cold except those from the 
trifugally cast in sand molds metal. In centrifugal castings of slight improvements in 
rotated on a vertical axis, using spoked wheels, porosity tends to properties as compared 
four aluminum-base alloys: DTD 304 be concentrated at the junction of castings were obtained 
(5% Cu, 0.1% Ti), 2L33 (12% Si, the arms with the rim; this cannot and 2133. Although 
0.03% Ti), DTD300 (10% Mg) and be eliminated by increasing the only a minor increase j 
RR50 (1% Cu, 2.5% Si, 0.8% Fe, speed of rotation unless the cross the test bars from the « 
1% Ni, 0.2% Ti). sections of the arms are larger than castings of DTD304 sh 


! 


All alloys were melted in an in normal practice for static cast- improvement of 15 
electric furnace. Flux was used ings. A working rule of one square strength and 78% in « 
only for DTD300 and modified inch cross-section in the arms for over the static casting. 
21.33. In casting, an adequate each 10 cubic inches of metal in the responding improvements 
height of down gate is essential, rim represents the minimum pro- mechanical properties for DTD 
and this normally requires a deep portions. Of the alloys investigated, were 20 and 60%, respecti 
central pouring head. The rate of 21.33 suffers least and DTD300 When complete wheels were tes 
rota most if the arms are of inadequate to destruction, the centrifug 
tional speeds causing pressures over size. In general, the highest prac- cast wheels withstood a maxin 
> psi. on the outer surface of the ticable speeds of rotation are desir- load on the average 16% high 
cavity, a mold wash is essential to able for light alloy castings, since than the statically cast wheels, 
prevent penetration of metal into the internal centrifugal pressure is On the basis of these results, th 
the sand; a wash of china clay and naturally low for metal of low alloys with high silicon 
sodium silicate in water has been density. For these wheel patterns, sidered to have excellent fou 
satisfactory. The addition of boric a minimum peripheral speed of characteristics for centrifugal cas 
2600 ft. per min. was desirable, giv- ing. Alloys with copper hav 


pouring must be high. At 


*Abstracted from “The Centrifugal 
Casting of Aluminium Alloy Wheels in 
Sand Moulds”, by L. Northcott and O Centrifugal 
R. J. Lee, Journal of the Institute of with a series of rotational speeds 
Metals, Vol. 71, 1944, p. 93 and casting temperatures. These speed, a low casting temperatur 

and a large feeding channel. Th 


allovs with nickel are intermediat 


ing 32 psi. pressure on the wall. tendency toward hot teari 
castings were made mid-section unsoundness which « 
be eliminated by using a high mold 





in properties and soundness 


MOORE RAPID between the alloys containing ¢ 


per and those containing magn 


: sium. The alloys with magnesi 
' are not prone to cracking and, ff 
’ surface oxidation is prevented, ar 


FURNACES not as liable as the alloys with « 


per to surface shrinkage defect 


s 


The macrostructures of the ¢ 


trifugal castings showed c 


100 TONS | crystals growing from inne! 


cal surfaces with equi-axial ¢1 


down to ) ome (s i Pew in the outer zones. As the 


250 LBS. . ~—- . of rotation increased, the col 
, longer a 


crystals became 





equi-axial crystals smaller. 
° ° ° Lf 2L33, centrifugal casting ec 
Ss ; , 

Ilu sration us of y the eutectic structure § (wil 
Size OT. 8 to 12 tons ' d - modification technique used 
Capacity A study of the struct 

6 segregation of these alloys 
as castings made of lead-ant 
Because Lectromelt furnaces provide excellent control of the heat, aluminum-silicon and = alu 
, . : ; copper alloys led to an exp! 
they are used in the production of many fine steels. At the same time the of these structures hesed 
operation of a centrifuging 

‘ ; during the solidification 
ing time, reduced current and refractory costs, reduced electrode break- wien the Génaltien of ty 


top charge feature results in definite economies—greatly reduced charg- 


and the solid are different. 

Although the centrifugal 
of light alloys in sand m 
Write for catalog. not yet been of practical im 
in England, there appears 
TRS TILL MUST LUMA LOCO TIAL ON | tors te be no insuperal 
culty likely to be encounte! 


PITTSBURGH 30, PENNSYLVANIA development. 


age hazard, etc. They are correct for plain carbon and alloy steels of all 


types, as well as gray and white irons, either basic or acid method. 
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TELEPHONE LABORATORIES 
ind inventing, devising and perfecting for continued 


vements and economies in telephone service 


TINY GIANT WITH A HISTORY 


Long before the war, the men who design your Bell 
Telephone System were looking for an electron tube 
with frequency capabilities never before attained 
With it, they could transmit wide bands of tel 

phone messages several hundred of them simul 
taneously through coaxial cable—economically, and 


over long distances. 


They developed a tube which set a new standard in 
broad-band, high-frequency amplification, So minut 
that its electrode system had to be inspected under a 
magnifying glass, the tube could amplify either the 
voices of 480 people talking at the same time, or the 
patterns of television. Long-distance, broad-band 


transmission became a commercial reality. 


Cross-section of Electrode System 


> ; 
five times actual size 


When war came, this tube excelled all others as an 
amplifier in certain military equipment It then 
grew into the OAKS, one of the great little tubes of 
the war. Besides producing 6AKS5’s in large quanti 
ties, the Western Electric responded to emergency 
needs of the Army and Navy by furnishing design 
specifications and production techt iques to other 
manufacturers, of whom at least five reached quan 
tity production. On every battlefront it helped our 


ships and planes to bring in radio signals. 


Developing electron tubes of revolutionary design 
has been the steady job of Bell Laboratories scien 
tists ever since they devised the first practi al tele- 
phone amplifier over thirty years ago. Now tubes 
like the 6AK5 will help speed the living pictures of 
television, as well as hundreds of telephone con 
versations simultaneously over the coaxial and radio 


highwavs ot the Bell Tele phone “vster 
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Can Austenite ay 


| Martensite Resiy 


TO METAL PRODUCTS CLEANING PROBLEMS Weld Cracks? 


zs THE mechanical properties 
LS “ : transformation behavior 
| see “3 tive — air cooled steel with 0.32 ' 


Ni, 0.6% Cr, and 0.3 
studied at various sta 
during and after the 
martensite transformat 
started at about 600° F. 
Tensile tests on the 


} + i in £ unstah 
WRITE for Your ee ok austenite showed that (a) th 
f AK “ey . : ee tenite has a low elastic limit 


Free Copy Vs good ductility; (b) transforn 
70. en “Stents -* is induced by plastic Strail 
a ess extent of the effect depending 
——— the sluggishness of the ya ¢} 
as indicated by the S-curve 
(c) the bainite and mart 
: formed by the transformati: 
iF YOU have the problem of ne more elastic and less ductile | 
“ ss the austenite. A series of tests 
economically and efficiently made at 645° F. in which a é 
cleaning and drying small tools amount of transformation t 
tacell hall heari ‘ we eel oe : was allowed to occur in th 
or muscellianeous a earings or other meta parts men before the tensile test 
or products . . . washing chromic acid off heavy made. Simple relations exis 
chrome-plated parts . . . removing cyanide from oe te renee gina 
é ( e a Structura com 
hardened gears . . . removing chips from Diesel tion of the specimen. 
motor blocks — you will find many distinct innova- Tensile tests were also n 
. . rs tthods i his f ld temperatures below 400° F. o 
tions over previous methods in this new folder. tensite prepared by ait 
from 1560° F. The marti 
Write for your copy of obtained by this treatment 
this new folder, or with- high tensile strength and apy 
‘ e ° able ductility. The testing ten 
out obligation, describe a poe Soe 
ture hardly affected the mech 
your particular problem properties, except that a mil 


+} 


of cleaning and finishing ductility was shown in th 
metal parts and products of 275 to 210° F.—that is 
and we will help you diately after completi: 
solve it F.) of the change to 

; . This ductility change 
shown to be mainly an 
temperature. 

‘ The author concludes t! 
VALU ABLE floor space is saved by this 4 factors are important in p: 
"Siamese-Twin"” A-F Machine which com- ayy ne ebook :} 

bines two different complete wash, rinse : - the cracks found — 
and dry units in the same housing. alloy steel: (a) Shrink 








} 


produced in the hardens 
thermal contraction ag 


THE ALVEY-FERGUSON COMPANY nal restraint; (b) inhon 

Offices in Principal Cities 165 Disney St. Cincinnati 9, Ohio the weld region; (c) « 

Affiliated Corporation weored a ! > 

wreaking streng of | 

THE ALVEY-FERGUSON COMPANY OF CALIFORNIA temperature ; —ueery 
P.O. Box 396, Los Angeles 11, Calif. ioe . : 

the ability to deform | 


far more important tha 


CONVEYING EQ UIPMENT ing strength. Theref: 
is exceedingly (Cont. « 


P pA, a *e 
<> Alvey-Ferquson “of Unstable Austenite 
SS SS ties of Unstable Austenit 
OT ee 
‘ Temperature Decompositi 


by A. H. Cottrell, Iron ar 
tute Advance Copy, Nove 





METAL PRODUCTS CLEANING & FINISHING EQUIPMENT 
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P U = INDUSTRY 


100,000,000 HOW MUCH 








pogs IT cost YOU 7” 


Answer $ 


lt would be well worth your while to fill in 


the answer... because that’s exactly how much we believe 


we can Save you. 


Two Cities Service products, Rust Re- 
mover and Anti-Corrode, in grades for 
every specific industrial need, have 
quickly and effectively helped many 
companies eliminate this liability. 


Cities Service RUST REMOVER clears 
metals of rust or tarnish. Works quickly 
—easy to apply. 


lies Service Oil Co. 


501, 70 Pine Street, New York 5, New York 


tlemen: Please send me full information on Cities Service 


ion Plan. 


Cities Service ANTI-CORRODE 
prevents rust, provides an impenetrable 
film that protects metals against rust 
or corrosion. 
° ° ° 

Talk it over with your loca! Cities 
Service engineer . . . see for yourself 
what his rust prevention plan can do 
for you or... 


MAIL THIS 
7 COUPON 








< ONCE-ALWAYS > 
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IMPROVE 
HEAT TREATING QUALITY 
BY QUENCH TEMPERATURE 
CONTROL 


@ Improve the precision of your quenching to eliminate 
rejections and complaints. Accurate quenching bath tem 
perature is secured by the patented “Balanced Wet Bulb 
Control” of the NIAGARA Aero Heat Exchanger 

The NIAGARA Aero Heat Exchanger is equally effective 
in both furnace heat treating and induction hardening 
systems. It prevents both over-heating and over-cooling of 
quenching baths. The flash-point hazard of oil baths is 
eliminated 

The NIAGARA Aero Heat Exchanger is self-contained, 
saving space; it replaces both shell-and-tube cooler and 
cooling tower; uses less power; operates with 95° less water 
consumption—an economy which pays for the equipment 
in a short time. 


For further information write for Bulletin 96. 


NIAGARA BLOWER COMPANY 


“Over 30 Years of Service in Air Engineering” 
Dept. MP-115, 6 E. 45th St. NEW YORK 17, N.Y. 
Field Engineering Offices in Principal Cities 


INDUSTRIAL COOLING 


NI 


HUMIDIFYING @ AIR ENGINEERING EQUIPMENT 
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Weld Cracks 


(From p. 1130) unlike 
transformed zone is w 
tially austenitic, since 
ture has ideal properti 
accommodation. The 
will be much greater 
tensitic range, since 
then has a high elastic 
much lower ductility. 
ties of the martensite f 
steel were too good to 
cracking in the harden: 
was concluded that the 
actually existing in the 
is much inferior mech 
that produced in these t 
inferiority is probably tl 
prior overheating in th 


the weld deposit. 


Pyrometry of a 


Steel Stream 
Entering a Mold’ 


\> {1 RESULT of recog 

fact that the quality 
and foundry castings is 
by the casting temperatu 
steel works and foundri 
routine observations with t 
cal pyrometer of the t 
of the casting stream. 
racy of the optical py 
severely limited by the u 
of the emiussivily corre 
the stream, more or les 
with oxide or slag, and 
by smoke. 

The normal quick |! 
technique is satisfactory 
metal is poured over the 
ladle. But when the met 
tom poured, any tube put 
stream causes splashing. 

This new apparatus is 
a standard = runner-box 
with “compo”, and havi 
cal refractory lining 
10 in. deep, tapering to 
internal diameter of 2 
provided with a _ cylind 
iron case. The refract 
and cast iron case are di 
angle of 35° to the hor 
the thermocouple tube. 
cation for use when cas 
has a conical refractory |! 
into a steel frame.) (Cont 

*Abstracted from “A T 
Method for the Measurem« 
Steel Casting-Stream Tt 
by D. A. Oliver and T. La! 
Steel Institute Advance ( 
1944 














AST, AUTHORITATIVE ANALYTICAL SERVICE 
STRESSING SPECTROGRAPHY 


Complete facilities for a wide variety of analytical service to the 
etal industry, backed by skilled and experienced analysts, are now 
ailable on a national basis. 





Specializing in the application of spectrography to metal problems, 
ational Spectrographic is ideally equipped to handle operations such 
@ Routine quantitative analysis of ferrous and nonferrous metals 
@ Miscellaneous qualitative analysis 
@ Process control of plating solutions, etc. 


@ Routire inspection of materials for quality control 


Metallurgical analysis includes the use of X-Ray Diffraction and 
icto-photography, as well as MICRO-CHEMICAL analysis carried out 
ith the smallest possible amounts of residues, acids, metals, metallo- 
ganics, etc. 


WRITE FOR BULLETIN... 


More than ever before, it is vital that efficient methods of analysis and inspection be applied to 
production to meet the competitive conditions ahead. NSL is equipped to serve you promptly and 
efficiently through the use of the most modern spectrographic equipment 
above. Let us send you the full details of this analytical service in a new bulletin available now. 





rptuailalle to the Metal Vudustry 








NSL’s Complete 





Spectrographic Service 





EQUIPMENT—Representing the Jar- 
rell-Ash Company, NSL will assist 
you in the selection of such precision 
scientific apparatus for research and 
instruction as the following: 


Spectrographic Equipment. 

Hilger Spectrographic Standards. 

Microscopes —Metallographe. 

Laboratory Supplies such as Plates, 
Electrodes, Film, Solutions, et« 


The wide range of quality equip- 
ment available from Jarrell-Ash Com- 
pany—Manufacturers, Importers and 
Distributors—enables NSL to serve 
you with the leading types of scien 
tifle apparatus. 


COUNSEL—With wide experience in 
spectrography. NSL will help you ap- 
ply this advanced analytical method 
to your own plant operations. It will 
plan a spectrographic laboratory for 
you supervise the correct instal 
lation of the equipment ; develop 
necessary spectrographic procedures 
for your work . train your per- 
sonnel in the use of this technical 
equipment 








N 
S 
L 


NATIONAL SPECTROGRAPHIC LABORATORIES, INC. 


6300 EUCLID AVENUE 
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CLEVELAND, OHIO 























such as that shown 





Molten Stee! 


(Continued from p, 

A platinum thermocouy 
sheathed in a silica tube 
thick, protrudes into the nar 
part of the runner box lining 
extending about ™% in. 


stream. The e.m.f. generated at; 
Mv E D A RT ROTA RY CTRAT G RTE N r R : hot junction is applied t a hig 
speed amplifier and recorder w} 
for round bar and tubular products showed that a steady te: 
was obtained in about 15 
its present form, theref 
method is applicable only 
NO. 3 SIZE MEDART MULTICYCLE ings weighing over 500 Ib. wi 
ROTARY STRAIGHTENING MACHINE take a considerable time 
Two illustrations are give 
<= applications. In the first, the 
temperatures and optical py: 
readings were used to dete 
the emissivity of a_ nickel- 
mium-molybdenum steel. The « 
sivity was found to be about 
and correlation was as g 
could be expected in view 
uncertainty of the optical py: 
NO. 3 SIZE MEDART 24 2 ROTARY SS readings. In the second, the 
STRAIGHTENING, SIZING ' cooling of the steel was ded 


AND POLISHING MACHINE ; C—get tors from the recorded temperatures 
* Kg) a . i ; d ; 


the metal in the furnace a 
thermocouple readings of the 
stream. The average drop betw 
the are furnace and a ladle holdin: 
about 10 tons was 108° F. 

The results showed gratify 
consistency and the  procedu 
proved simple. 

NO. 3 SIZE MEDART TWO ROLL SINGLE 
MOTOR ROTARY STRAIGHTENING, 


SIZING AND POLISHING MACHINE Manufacture of 


Copper Powder’ 


A’ INVESTIGATION was car! 

out to determine the most s 
able conditions for the product 
of copper powder on a pilot } 
scale. Copper is deposited f 


NO. 3 SIZE MEDART THREE ROLL : . 
7 copper sulphate solutions as a | 
ROTARY S MACHINE ’ . ve der when a high current 


and low temperature are used \ 


TS . a solution of relatively low co] 
and high acid concentratio! 
The most costly item in s 
production is likely to be the lal 
required for removing the 
from the cathode, washing, fill 
ing and drying it. Most of the ne 
essary powder is consumed int 
electrodeposition tanks whe! 
about 1,000,000 ampere-hours 
1000-V units (where V is the tam 
voltage) are needed (Cont. on p. 11" 


*Abstracted from “Copper Pow 
— Commercial Preparation by Elect 
deposition”, by A. W. Hothersall 
G. E. Gardam, Metal Industr 
13, 1945, p. 234. A paper for the 
depositors’ Technical Society. 
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LEAVES FROM THE LEPEL LABORATORIES LOG 


sae. we. \y Teagh Ueating Jobs 
Simp ified with 
Lepel indection Heating 


lO Cas The illustrations show some of the hundreds of difficult 
Whit industrial heating problems solved in Lepel laboratories. 

) pow ' : Lepel High Frequency Induction Heating Units make 

ced ‘ : simple work of the most complicated heating operations, 
i ~ often performing work impossible by other methods. 


“omet 
termi 
el-chi = Broze dome 
e en Operati solder OF 


Silver 
ut 0.31 Alloy: 
ood Flux: Fluoride w Solder Any worker, after brief training, can produce consistently 


it: Flo . . 
of tt jw KM. an good results with Lepel Induction Heating. 
e: . : 
romet O Lepel : emperatur’” se Any Lepel Unit can be used without alteration for hard- 
1e la Heating ening, annealing, stress relieving, soldering, brazing or 


; Ct ce ° 
ledu 4 piec melting small charges of common or precious metals. 
ures 








| a 
oy s . , 
ho nig ACROSS FLAT ‘ @ Actual heating time is reduced to a matter of seconds 
v 
to nose © 


de 4 @ Heat is applied exactly where it is needed — at the exact 
oe 


temperature and for the exact time required. 





Put your heating problems up to Lepel laboratories. Send 


ind t LEPEL HIGH FREQUEN 
a \PtL MIOM FReQuUE! cy LABORATORIES, ine. samples and specifications of work to be performed — or 


etwe LABORATORY TEST REPORT ask a Lepel engineer to call. 
holding 0 No. 1076 
atifying 


cedures 
a 
¥ 





of 


er” 


calrni 
yst sul 
duct 


Operation: Harden Chuck Jows 
Steel Analysis: Tool Steel 
ge maton 1550°.1600° F 
venching Medium: Water 
d fr Hardness Obtained: Rockwell C60 
a po Depth of Hardness: Approx. 3/32” 
densit K.W. Input: 7% 
ed Ww! Heating Time: 10 sec. 
ci yp pe 
ns. 
in sucl 
1e lab f 
coppe 
a filter 
the ne 
| in th 
whert 
yurs a 


he tad LEPEL HIGH FREQUENCY LABORATORIES, INC. 


p.113 
Powde! PIONEERS IN INDUCTION HEATING 


Electr | FIONN HERES General Offices: 39 West 60th Street, New York 23, N. Y. 


sal] an 
DO IT FASTER, BETTER, MORE ECONOMICALLY BY LEPEL INDUCTION HEATING 
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Copper Poy 


(From page 1134) to 
long ton of powder. 
recovering and washi! 
der must be reduced 
mum; discarded 


ots Last Longet 


h 
thromethod 


anods: 
No study has be 
the anodic behavior 
copper but 
fairly crude grade can bh 
As a result of laborat 
ments, the following con: 
recommended: The solut 
contain 40 to 60 g. per 
CuSO,-5H.0O, and 140 to 
H.SO,. The cathode currs 
should 72 amp. per sq. ft 
ature 85° F 
than the 
electrode distance as sma 
Both the sulphate 
concentrations may be co 
by determining the acidity 


cific gravity. It is probabk 
placed and properly controlled. The os 
the copper sulphate will ri 


, result is MAHR’S reputation for de- sulphuric acid decreases. This 
pendable, uniform results and economy of operation. MAHR be 
Pot Furnaces are for use with lead, cyanide or other molten 
bath materials for hardening, carburizing, magnesium melting, 
etc. Handles any heat treating job with molten bath at 350°F 
to 1650°F. Pots rest upon a raised seal ring to prevent bath 
from spilling into combustion chamber. A hood as shown 
may be ordered for use with lead or fume-producing salts. be 
Available in a wide range of sizes in both circular and rec- cathodes 
tangular. 


recast. 


grades of 


MAHR FUEL-FIRED 
POT FURNACES 


The MAHR method of firing means 
that exactly the right type, size and 
number of burners 


-. anode area 
cathode area; 


sible. 


are scientifically 


counteracted by di 
parts of the 
or by 


solution peri 
using an insoluble I 
occasionally. 

The 
cooled by 


solution will h 
cooling coils o1 
The 


frequently 


cooled cathodes. powdel 
removed 
otherwise, a c 

deposit may be formed. In tl 
cathode 
min. 


tests, the 
brushed every 15 
bristle brush. It is nec 
remove the 
(about every 


oratory 


Will 


cathodes peri 
12 hr.) for at 


Fast HEAT-UP -_ 
MAHR Electric Pots 


MAHR Etectrts 
Case 5 heavy : ane » 
cover @ — for 


lable it 


scouring. 
The powder should be kh 


the ered with solution until it | 


urnace, 
1650 F. 
Tw o-pres e 

at 
re contr vis ava 
liameters- 


fuel fired t 
il treat up to 
y-lined. 


Like the 


Pot Furnace wi 
refractor 


washing. It settles 


may be efliciently w: 
decantation. Washing 

and the 
minimum of del 
inclusion of an 
of alkaline 
appearance to 


plate, 
Aut 
Made in 10- 


steel ymatic temperatu 
o— 12-14-16 inch « 


shown 


jer completed 


with a 


on of pow de 


intermed! 





water gives 


Write for Bulletin No. 330 


Write for Bulletin No. 330 on MAHR 


the powd 
vgen content. 
The tinal dried 


low er o> 


}LLETINS 
WRITE for BUI LET 


on Other 


MAHR PRODUC TS 


fired 
Electric,84§ and oil-fire 
and furna 
r anc 


ovens 


ces in car bottom, 


> or 
yo j othet types f 
convey‘ 


-ration. 
heat treating opera 
m Torches, 


Forging Fur- 
He aters, 


every 
Safety Vacuu 
Rivet Heaters, 
races, Burners, 
Fans. 


t 
Blowers, 


} 

ineerine 

te Eng 
Compl¢ 

Service: 


Pot Furnaces, or bulletins on any other 
MAHR products listed in panel at left. 
There’s a MAHR sales representative and 
engineer near you who is thoroughly 
qualified and anxious to give you com- 
plete offer 


your 


information and 


individual 


sugzestions to meet needs. Write 


or wire today. 


le ——* ~ 
ENGOMEERS - DESIGNERS - MANUFACTURERS 
ALL EQUIPMENT FOR METAL HEATING 


MAHR MANUFACTURING CO. 


DIVISION OF DIAMOND IRON WORKS, INC. 


700 North 2nd St., Minneapolis 11, Minn. 
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prod 
easily and has an appare 
of 1.3 g./ec. The parti 
such that 90% passes thro 
mesh 


sieve, but very |! 


through a 300-mesh sieve 








Se ee oe 





‘h National Metal Congress and Exposition 


February 4 thru 8, 1946, Cleveland, Ohio 
of 


RESERVATIONS USE THE COUPON BELOW 










FOR HOUSING 











This first great postwar industrial meeting of the Metal Industry has created a shortage 
of hotel rooms in Cleveland for the week of February 4. 






Room reservations will be made however for all ASM members who attend this event. 








Hundreds of reservations have already been made as a result of the announcement of the 





meeting by postcard to 28,000 members of ASM and the American Welding Society. 






Cleveland Hotels have cooperated 100% and have already assigned more hotel rooms to 





members of participating Societies than ever before. These hotels plan to clear their rooms 





to the greatest possible extent to handle additional visitors to this specific meeting. 





For those ASM members who have not yet made or received hotel reservations this is 
the outlook: 







. Further reduction in essential travel may make additional 






hotel rooms available shortly after January 1. These rooms 






will be open to reservations by ASM members. 










Hotels now entirely or partly under government reservation 


or operation may become available by January 1. These 





rooms would be available to ASM members. 












1000 rooms in private homes will be available to ASM 


members. 








You may be assured that your housing requirements can and will be handled in one of 


three manners outlined above. You have assurance of a place to stay during your 






attendance at the 27th Metal Show—the largest and one of the most important ever held. 







MAIL THIS COUPON NOW 








Mr. Edward Brennan. Executive Vice President 





lo obtain these reser- Cleveland Convention and Visitors’ Bureau, Ine. 





1604 Terminal Tower 
Cleveland 13. Ohio 


vations use the coupon 
tothe right. Give Mr. 








Brennan specific infor- 





Dear Mr. Brennan: 
mation on accommoda- 





I plan to attend the 27th National Metal Congress and Exposition 





lions you wi “quire : : . ; ' : 
ill require, and will require type of room checked below. I will arrive February 





noting time of arrival 





and leave February . | prefer accommodations in a hotel but will 





and departure. 





accept room in private home. 





American Society 
for Metals 


1301 Euclid Avenue 
Cleveland 3, Ohio 


| Double room, approximate rate 






Name 






Firm 





Address 





City. 


|| Single room, approximate rate 








CHECK 
BLOWERS 

AND EXHAUST 
SYSTEMS 


Instantly 
with the Alnor Velometer 


This instantaneous direct reading air velocity 
meter measures air speed in feet per minute. 
There are no calculations, no timing, no con- 
version tables; its use is so simple that anyone 
can take accurate measurements with the 
Velometer. Extension jets permit correct read- 
ings in many locations that would be difficult 
or impossible to reach with other means of 
measurement. 

Keep exhaust equipment working efficiently 
by regular checks for draft, leaks, blower oper- 
ations, etc., with the Alnor Velometer. You can 
get accurate information on performance with 


a few minutes’ inspection at regular intervals. 


The Velometer is made in several standard 
ranges from 20 fpm to 6000 fpm and up to 3 


inches static or total pressure. 


Velometer used for positive 
static pressure readings 


Special ranges available as 
low as 10 fpm and up to 25000 
fpm velocity and 20 inches 
pressure. Write for Velometer 
bulletins. 


ILLINOIS TESTING LABORATORIES, INC. 


420 North La Salle Street 
Chicago IO, Illinois 
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Stretch-Formino* 


S 


T HE stretch-forming meth 

at Willow Run differ 
tially from those used by ot 
craft plants in that all the dies ang 
blocks are made completely stee] 
It is practically impossible to pr 
duce satisfactory curved aluminy 
parts without stretching | 
them retain their final for: 

A variety of stretch-f 
operations are performed 
mechanical presses by dies 
equipped with serrated jaws which 
grip the ends of the part and pul 
them lengthwise while the maj 
portion of the part is firmly held 
between upper and lower die men 
bers. The same set of dies is used 
for preforming before heat treat 
ment and the final stretch-forming 
In preforming, the central sectio: 
of the bottom die is shimmed t 
keep the serrated jaws from cor 
tacting each other. With this 
arrangement each end of the work 
is stretched %4 in. while the mai 
portion is being accurately formed 
in the die. The stretched ends with 
the marks from the jaw serratior 
are later trimmed off. 

In another type of stretching 
the lower jaws are forced outward 
at the same time that they are 
pushed down an inclined surface 
while the upper jaws are forced 
outward and upward. Stretch 
forming may also be carried 
without the use of sliding jaws 
Stretch-forming machines designed 
for operation on extruded shapes 
are employed in a wide variety 
types built to meet individual pro! 
lems. A machine with a pulling 
capacity of 75 tons with hydrau 
lically operated pulling head and : 
stationary head is used for stretch- 
straightening long hat sect 
twisted during heat treatment. The 
operation also increases the tensile 
strength by the 3 to 4% set. For 
certain stretch-forming operations 
use is made of setups in which 
pressure is exerted from an over 
head hydraulic unit to hold the par! 
to its correct cross-section while 
horizontal hydraulic heads are pull- 
ing the shape lengthwise. A some 
what similar setup is used on a thin 
strip section. The part is placed 
between a bottom female die and 
an upper rubber-faced male di 
while the ends (Cont. on p. 


*Abstracted from “Stretch-F 
Aluminum Alloy Shapes at V 
Run”, by Charles O. Herb, Ma 
July 1945, p. 184. 
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| SILFOS aud 


READY TO START ON NEW P 


NOWS 


Back from the production battlefront Sil-Fos and Bape : 
oe are Pre 


ready to help you with new metal joining ideas. They 
to show how production rates can be boosted—and or 
can be greatly reduced. Igay 








Ways of getting maximum benefits from these two 
alloys have been crystallized during the last few years” 
definite brazing procedures. The full value of alloy 
has been brought out—fast heating and handling have 
possible to take full advantage of SIL-FOS and 
low brazing temperatures and fast brazing action. 


No matter what your problem is—making a few joints by torch 
or a hundred thousand by an automatic heating methes-—foling 
ferrous, non-ferrous or dissimilar metals—using brazed con- 

struction in place of casting, forging, machining ‘solid, S 
riveting, bolting or threading—it will pay to find Su. ~ 
FOS and EASY-FLO can help you make better in oo 
cost. Deliveries ore again approximately back te normal. — "Ts 


BULLETIN 12-A GIVES FULL DETAILS — 


It tells what they are and how to use them te best 
if you have a metal joining problem send us 
gladly give our recommendations. Write us if 
engineer to call. 


82 FULTON ST, NEW YORK 7, N. 
Bndgener Conn - Churmge Wi ten Anpaten | Prondence © *  Terente Canede 
Agents in Cities 





To get full benefit of the low 
flow points of SIL-FOS (1300°F. 
ond EASY-FLO (1175°F.) you 
need a flux that also functions 
ct a low temperature. HANDY 
FLUX starts to fuse and dissolve 
oxides at B00°F., and at 1100°F., 
S entirely fluid, and dissolves 
all refractory oxides rapidly and 


completely _ 




































































Stainless and 
alloy steel 
castings for 
resistance 
to corrosion, 
acid and heat! 


Having pioneered many of the revo- 
lutionary casting methods used today, 
Atlas metallurgists are able to cope 
with all alloy steel casting problems. 
Complete facilities for casting all 
analyses alloys for all purposes. There 
is no obligation for a consultation 
with an Atlas metallurgist. Your in- 


quiries are invited. 


MATII rHIS COUPON FOR 
ILLUSTRATED BULLETIN 
Atlas Stainless Steel Castings 

35 Lyons Avenue, Irvington 11, N. J. 
Please send me illustrated “Stainless Steel 


Castings” bulletin 


sate 


ATLAS 
STAINLESS STEEL 
CASTINGS 


Division Atlas Foundry Company 


IRVINGTON 11, NEW JERSEY 





Stretch-Forming 


(Continued from page 1138) 
are stretched by two _ hydraulic 
jaws. In some cases it is desirable 
to exert pressure horizontally 
against a form instead of on top. 

These methods are not necessar- 
ily confined to the aircraft industry 
but could be applied to much post- 
war fabrication. Se 


Distribution of 


Lead in Steel* 


AN INVESTIGATION was made of 

the mode of occurrence of lead 
in a 0.25% carbon, 1% manganese 
steel ingot and in two wrought 
steels, one a high sulphur, and the 
other a manganese-molybdenum 
steel, both with and without lead. 
The maximum chemical segregation 
in the ingot was 0.04% Pb and did 
not follow completely the normal 
features of segregation. The distri- 
bution of lead was generally uni- 
form except in the extreme base of 
the ingot. 

The bottom-discarded billet of 
the manganese-molybdenum steel 
showed marked segregation, mainly 
toward the surface, chiefly of 
streaks of metallic lead containing 
particles of sulphides, oxides, and 
steel. Other, less numerous, segre- 
gated lead streaks consisted of par- 
ticles of oxide and sulphide within 
a matrix of oxides or silicates. Lead 
was found associated with sulphide 
and silicate inclusions as lead and 
as oxide. The remaining samples 
were free from such massive segre- 
gation. 

Normal microscopic methods 
failed to reveal lead unassociated 
with inclusions. Electrolytic etch- 
ing in 10% ammonium acetate 
revealed particles believed to be 
lead which were not visible before 
etching. A new electrographic 
method was developed which pro- 
duced a clear pattern of the lead 
particles in the ingot section. Gela- 
tin paper soaked in 10% ammo- 
nium acetate was placed on blotting 
paper on an aluminum plate con- 
nected to the negative terminal of a 
battery. (Continued on page 1142) 


*Abstracted from “Mode of Occur- 
rence of Lead in Lead-Bearing Steels 
and the Mechanism of the Exudation 
Test”, by W. E. Bardgett and R. E. 
Lismer, Iron and Steel Institute 
Advance Copy, March 1945. 
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IMMEDIATE 
DELIVERY 


ALLOY 
and 
CARBON GRADES 
AS ROLLED, ANNEALED 
and 
HEAT TREATED 
MACHINERY STEELS 
COLD FINISHED 
and 
HOT ROLLED 


TOOL STEELS 
HIGH SPEED 
and 
CARBON GRADES 
DRILL ROD—TOOL BITS 


SPECIAL PLATES 
FLAME CUTTING 
FLAT GROUND STOCK 
BROACH TYPE 
HACK SAWS 


BENEDICT- 
MILLER 
INC. 


216 Clifford St., Newark 5, N. J 
N. J. Phone: MArket 3-6400 
N. Y. Phone: REctor 2-9732 




















— 


ovtacn 
ramen 


THIS NEW PROCESS, developed and 
patented by Du Pont and available 
without license or royalty to manufac- 
turers in the United States, assures 
quick, positive removal of oxide scale 
from metals such as: 
Alloy Steels — Bimetallic sheet and 
strip—Brazed and Welded articles 
Cast Iron and Steel—Chrome-N ickel 
Steels—Chrome Steel—Cobalt-Nickel 
Steel—Composite Sheet—High-Speed 
Tool Stecls—Copper—Inconel 
Nickel—Nichrome— Monel. 
The process uses a simple arrangement 
of equipment and chemicals to produce 
clean, bright metal surfaces free of 
scale and smut. Treatment can be car- 
ried out on finished articles or during 
processing into stocks. Different grades 


may be treated simultaneously. 
Complete information can be obtained from 
Electrochemicals Department, 


E. I. du Pont de Nemours & Co. (inc.), 
Wilmington 98, Delaware 


DU PONT 


CHEMICALS and PROCESSES ‘- 


BETTER 


for METAL TREATING 


THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


Check these many special features: 
DESCALES UNIFORMLY —on al! surfaces. 


NO ATTACK OF BASE METAL—eliminates pickling 
losses. 


NO PITTING—reaction stops when scale is com 
pletely reduced. 


NO HYDROGEN EMBRITTLEMENT 


OPERATES AT SAFE TEMPERATURE — well below 
transition point of steels. 


USES LOW-COST EQUIPMENT—ordinary low-car 
bon steel tanks can be used. 


DESCALES AT HIGH SPEED—in substantially less 
time than most other commercial methods. 


ECONOMICAL—handles large volume of work in 
small space. No electricity required. 
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Lead in Siee| 


A S th e Ch inese say (Continued from p 


- The micropolished 
- . - was firmly pressed o1 
“Qne hand washes the other. we eS ee 
tive terminal by a bra 
~ - current of about two \ 
ROCKWELL in. was applied for al 
and the gelatin paper 
HARDNESS TESTER immersed in 5% ammonium ac 
for % min., washed and soaked 
a weak hydrogen sulphide solytj 
This method clearly revealed ; 
distribution of lead in the ingo 
dark brown images. There was 





increase in the particle size { 
the surface to a position about 4 
below, with a gradual change f; 
a random to a slightly inter 
UR 25 years experience in mak- Gritie structure. From this pom 
( ”s" to the center, the distributior 
ing the world’s leading hard- generally similar. 
ness tester gave us the background Microscopic examinatio 
heated samples showed that | 





and experience for designing and 
building the “TUKON” Tester, 
which is the world’s most micro- 


segregated lead in a billet sudd 

spurts out on the surface at at 
: : perature of 455 to 465° F., the st 
metric hardness tester and which structure being slightly distort 

is primarily intended for laboratory a result of the exudation. An uns 
regated billet showed lead ex 

tion at 570 to 590° F. 

ingot the lead spurted out 

625° F. with a partially inter 


TUKON TESTER dritic formation. The size of | 


exuded lead particles was mark 








use. 








ee less in the unsegregated than ir 


segregated specimens. 


KNOOP HARDNESS NUMBERS 





Semi-Continuous 
Casti ng” 


(CONTINUOUS casting has 
“ been commercially success 
. . ‘ 
until comparatively recently. 
of the processes now aim t 
NCE WE undertook the devel- duce an ingot more suil 
subsequent fabrication tha 
materia! cast by older 1 
. A truly continuous n 
about hardness testing known to no Xo 
casting ingots, such as the 


wit 


opment of this super sensitive 
hardness tester we learned things 


one previously, and the building of Junghans machine, requir 
the “TUKON” Tester has schooled limited amount of liquid 


us to build the “ROCKWELL” is suited only to the lar 
lurgical works. Most p 


Tester better than ever. 
an intermittent supply 











metal have adopted t! 
sometimes known as s¢ 
ous casting or direct ch 


several years, round ing 
in. diameter and slabs 


MECHANICAL INSTRUMENT CO.. INC. and 6x20 in. (Cont. on 


367 Concord Avenue, New York 54. * Abstracted from “Sé 

s Casting” r W. M. ! 
AN ASSOCIATE COMPANY OF AMERICAN CHAIN & CABLE - Cy. Wy ww. 
Industry, June 15, 1945, p 


22, 1945, p. 390 
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send to--* 


Fill in and 


ARCOS CORPORATION, 1515 Locust Street, Philadelphia 2, Pa. 


NAME 








Gentlemen: Please ADDRESS 


send me a copy of 
CITY 








the Arcos Reference 
Chart on Alloy EMPLOYED BY__ 
Welding. 








TITLE 
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e more about “heat-treatment-on-the-fly” 


harden and draw 34 steel spots per minute 


fo) 
o 


local heat plus speed—with gas combustion a 


The “spots” are the tappet buttons on automotive rocker 
arms. They, and only they, are heated to hardening tem- 
perature. Then comes the quench. Finally, they're raised 
to drawing temperature and held for 5 minutes. All this 
is automatic—in heat-treat-on-the-fly. 

Conventionally speaking, the rocker arm is a forging — 
but new fabrication techniques are producing a brazed 
assembly of right and left stampings, faster and cheaper. 
The button fits snugly between the two pieces. But to 
harden and draw only the button calls for positive 
heat localization—to protect the braze. 

Selas does the job with gas combustion—in production- 
line equipment only 15 feet long—at the rate of 2000 pieces 
per hour. Fixtures are adjustable for 19 different types 
and sizes. The job is completely 
automatic from start to finish. 

The same job cen be done on 
other, similar woxk— it doesn’t 
stop with rocker arms. Remember 
this, when you're confronted with 
the problem of “local-heat-plus 
speed” in your production line. 


Overall view at discharge end—a piece 
drops from the chute every 1.8 seconds. 


SELAS CORPORATION OF AMERICA PHILA 34 PA 


CONSULTING AND MANUFACTURING GAS ENGINEERS 
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Casting 


(From p. 1142) have 

duced in most of th 
alloys made in England 
author’s firm, High Duty 4 
Ltd., and trade-named “Hidy 
ium”. It is necessary t 

a few inches from thes 

less than ‘% in. befor: 
forging. Such round ingots 
ally may be extruded rough. 

The three basic factors ip 4 
method are (a) pouring the lig 
metal into a die to give the » 
sary shape to the ingot, (bd) chil 
an outside layer of metal just th 
enough to withstand the pres 
of the liquid metal and (c¢ 
pleting the solidification by ) 
tom cooling as rapidly as possi 
The first item is a matter of ey 
ence in allowing for the pr 
amount of contraction — whi 
larger than would be expected. 7 
ideal conditions for the second 
third items are never realize 
practice, mainly due to the ph 
cal constants affecting the } 
transfer and the cooling of the m 
below the die. The heat t 
extracted, together with the t 
mal conductivity and ten: 
strength of the metal at the eleva 
temperature, affects the opti 
speed of casting and the amount 
cooling water that will be ne 
sary to spray on the shell arou 
the solidifying metal. With c 
stant casting conditions, ther 
equilibrium establishes itself ¢ 
the principal factor affecting & 
abstraction through the die ist 
overall thermal conductis 
Below the die, however, the dil 
sivity constant or temperature ( 
ductivity is more important. Fo 
16-in. round ingot of alloy Rl 
for example, about 18% of! 
original heat is lost during pass 
through the die and nearly 38 
traveling through the first 6% 
just below the die. 

In continuous casting, the in 
is subjected to higher quench 
stresses than one cast by any | 
method. The surface is under! 
residual compressive stresses; lt 
decrease nearer to the center, 
become tensile stresses reaching 
maximum in the center. Cr 
naturally will occur where 
residual tensile stress 
than the tensile stress of 
rial at that temperature. 

Susceptibility to cra 
mainly a function of the 
tion; thus alloys with a |! 
nesium silicide content 
more liable to cracking tl 
containing less (Cont. on 
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rs in 4 
the lig 
the ne 
b) chil 
just th 
; pressy 
(c) ¢ 
n by De 


S Poss) 





of exy 
he pr 
whi 
ected, 7 
econd 
ealized 
the pk 
the | 
the 


ily ,- 23 CUP-SAUCER-SPOON 


the th 


ll i. eee Se cast in ONE PIECE 
: @ i by an ACCOLOY APPRENTICE 


ymount 
We are proud of our men who have taken the special 
ACCOLOY APPRENTICESHIP course conducted by 


Alloy Casting Company and the University of Illinois 


be nec 
ll arov 
Vith ¢ 
» ther 
tself 2 
ting b The CUP-SAUCER and SPOON, cast in one piece 
lie is from three patterns, is an exhibit from one of our ap- 
nctivit prentices who has successfully passed his elementary test. 
the di (Ask the average foundryman how it is molded. A good 


me one can tell you. 
it. f : 


yy Rh ACCOLOY APPRENTICES do not stop with molding. 


of . They are given a broad fundamental education in the 
5 passa arts and sciences relating to the manufacture of HEAT 


y 38% RESISTING and STAINLESS STEEL castings and 
t 6% the many industries in which these castings are used 
the fas Our ENGINEERING-METALLURGICAL and 


RESEARCH departments are available to you at 
all times in the solution of your ALLOY proulems 





uenchil 


ny ou We welcome difficult and unusual problems Call 
ler } your nearest ACCOLOY engineer. 


es; tht 


hing ALLOY CASTING COMPANY 


Crac CHAMPAIGN, ILLINOIS 
nere | Arthur L. LaMasters, Vice Pres 


ENGINEERING OFFICES 


ne 

DETROIT MILWAUKEE 
ans Pe Pe Don E. Jones .o.. J. E. Silbermann 
Kl ichy 720 Maccabee Bidg. 868 N. Broadway 
~ompos De Tel: Temple 1-7878 : Tel: Broadway 2868 
an ‘GEve CINCINNATI ST. LOUIS 
re mut ; W. R. McDonough & Co. mens ; Robert R. Stephens Mach. Co 


n allot ‘ x me me td ; " 3615 Olwe Street 
: Tel: Cherry 5243 3 Tel: Newstead 5252 
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MAKE CARBURIZING A LOW COST OPERATION 





Pot 
CARE 


Offer: 
These Advantages 


@ Low cost for fuel and carburizing 
compound. 


@ Minimum floor space for given 
output. 


@ Lower labor cost for handling. 
@ Noboxes to pack, handle and heat. 


. : ‘ : 
@ Product may be carburized in 
compound or in gas atmosphere. 


@ Controlled uniformity of case 


depth. 


For: 
These Applications 


The Rockwell Rotary Carburizing Furnace 
processes such stock as pins, cams, washers, 
rockers, rollers, balls, bolts, rings, etc., that 
may be slowly tumbled within safe limits for 
grinding. An alloy retort revolves within a 
refractory casing supported on trunnions, 
and is arranged to tilt backward for charging 
and forward for discharging. The tempera- 
ture of the charge is automatically controlled 
from both inside the retort and in the com- 
bustion chamber. The furnace is also well 
adapted to hardening, drawing, normalizing, 
annealing and other heat processing where 
tumbling the charge at 1 to 3 R.P.M. is not 


injurious. 


In: 
These Capacities 


Retorts are made 36” long by 9”, 12” or 
18” diameter, for maximum charges of 125 
Ibs., 200 Ibs. and 700 Ibs. 


oil- or gas-fired or electric. 


Furnaces may be 
They are com- 
pletely assembled units ready for easy hook- 


up and operation. 


Write for Bulletin No. 412 


OF CONTROLLED UNIFORMITY 
Y¥ 
1 


ar 
UR 






Carburi-ing furnace tilted back- 
ward, ready for charging. 





Oil fired carburizing fur- 
nace in operating position. 





Gas fired carburizing furnaces 


W. S. ROCKWELL COMPANY 


Batch or Continuous Furnaces and Ovens for All Heating Processes 





204 ELIOT STREET . 


FAIRFIELD, CONN. 
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Casting 


(From p. 1146) magnesi \ 
with insoluble 

are difficult to cast by tl 

The alloys easiest to cas 


massive 


metals and alloys with 
freezing range. 

X-ray tests of a dir c} 
ingot, 4% in. diameter, of 
RR59 showed the compress 


hoop and longitudinal stresses 
of the same order of magnitud 
their amounted to 46.60 
at the surface, dropping 1 
zero at a layer about 1 in. 
The center tensile st 
was 23,500 psi. A check 
stresses by progressive bori 
about the same compressive st 
but double the tensile stress. 1 
stresses could be halved by i: 
ing the length of the die four ti 
but the advantages of conti 
casting would then be lost. If j 


sum 


surface. 


are to be stored, il is cust 
anneal at 350° C. to 
high internal stresses. 


remove 


A continuously cast slab 
DTD390 showed the typical |! 
inverse segregation on th 
layer, but this can be remov 
an %-in. cut. 
gation occurs longitudinally. 7 


Otherwise, no sez 


segregalion from the 
ard, which 
favorably with the 
Slabs cast in molds. 
Aluminum alloy ingots n 
the continuous process have 
equi-axed structure with no s!| 
Micro-constituents 


is a slight 
ter outw com] 


‘ 


segregaul 


age cavities. 


small and evenly dispersed 
macrostructure of a 16-in. d 
ingot of alloy RRS6G was cl 


superior to that of chill cast 
cast ingots. 


The future prospects of « 


ous casting are encouraging 
there are very real advantages 
machining, ease of fabri 


improved structure and me 
properties of the final produc! 


has already set entirely new st 
ards of perfection. 


Nickel in the B-2$ 


METALLURGY was but one pr 


lem encountered in the Pp 


duction of the B-29, its cars 
counterpart the C-97, and the p 
senger version C-377, but was 
basic one for it was essential t 
the designers know what & 


could expect (Cont. on pr 119 


*Abstracted from “Material P™ 
lems Solved in a Superfortress”, /™ 
Vol. 19, No. 4, p. 4 





THE QUALITY NAMES IN ALLOY 






























FOR HEAT CORROSION ABRASION 
Nasty Doesn’t Live Here Anymore Nauembenr 


» the Boston Maine railroad who took occasior 
elir en ployees that “open 
ed with the war. The lofty « 






Raspherries 


ait 





; 
lise 





e stupid wisecrack and the dirty look generally 





















( with “Don’t von know there’s a war or 
NI nger greet anybody at any counter at vwhere 
ress to a railroad station and getting courteous, 
eS ice with a smile so shocked me that I took 
at the clerk Hle wore a discharge b 
{) vened to the nsolent sourpuss who stood bel d 
l asked “Nasty doesn't ve here anvmore”’ 
G.l. and ade ed “This seems like a picnic, 
‘ back, the Publie is swell.” 
The Berries YY 
2 lng raspberries to a lara disk Thev come fro f 
shes bearing two erops We nicked them ’till & 
I~th last vear Plant a few good raspberry . 
et then spread These and eve bear cL 
two of the best numbers in our Victory Garder ‘ 
spberry canes o1 strawberry plants [ro prize 
If ing spring, with our comp! ments, to the first tel! 


bers who write 
You Can’t Fool The Scrap Dealer tuff with \ ie i ' 


! ‘ not written to eriticize competitors o7 rurnace INCIDENTALLY. ther not } nelie Crener \ '* 


1 All the alloy that could be made by anybody trav installation n which we have had ny « 






ace to meit it [rom anv serap available was adiustments made thronch the war penod 
vi the war ellort Many a marginal operator o1 eludes powder-metallurey travs at 2150 | { 
seg producer made stulf that was “worth its weight this with your own tray experience 1 
| en we had to have it But users should face E = N 7 
*k 
“QF e 99 5 ? — . ‘ 
inets are: Ot Ld5er scrap is bringiig trom quire OV 15 
a - rT 
per pound from the serap dealers, yet the Eso IRE” e of No 1945 earrn 
“ 
ng is Y¢! It contains the required minimum of an interesting and heantif trated 
. hromium and can be recast into fair appearir storv about our ear to bile | 
Ob to A¢ per po na under new mate! al This Joly Leathers \J ! ? Pre ( 
lentally, about equals the spread in the current ing Depart ent, G.A. Co... who. ineide 
. vetween those who make alloy for low first cost tallv. set up pre 1m enstine for W 
| ttrv honestiv to! rke t tor \ | te ¢ost hie ‘ \) | a 4 
ents charged Mer ) HP : 
il MBER, W.P.B. ordered alloy manufacturers to usé Ocean 
j 3 availiablk scrap was poor, and that re ‘ Dy \ : 
dry methods did it no good. Hundreds of wat acucast Tubes 
cle 
pusher furnace trays, for example, from Texas Y 01 ht not eu 
have failed prematurely and scrap dealers otter busxtion tube } — ‘ , 
r remelting It is headed back to other buvers suck ec ) ‘ eb \ 
ibably pay within 5¢ or 10¢ of X-ite prices for metal 1 : , 
= de from it They may kid the ustomers but surplus et: ’ ont air thy 
tages Serap Dealers had solidified to the ds ed wa 34 
Pate Pending 
' antities of alloy tr: vs were bought through N 
' ™ the _ ‘ ‘ ‘ 
( ders who, of necessity, purchased them trol OW we “ave s Capacity Ww accep 
, rs of ordinary furnace parts. (The furnace orae for rotary gas carburizing retort 
Si ’ na x cit your ‘ 






ly remain at temperature, whereas the trays 
ittently heated and cooled and Trequently H. H. Ha . 





INERAL ALLOYS CO. 
OSTON U.S.A. 


DEST AND LARGEST EXCLUSIVE 
RS. OF HEAT AND CORROSION 
RESISTANT ALLOYS 


SU gw 
Se OFAN iypyst® 


the first automobile race 


On Thanksgiving Day, 1895, the first automobile race ever 
; } ’ 


run in America started from the building now housing 
Museum of Science and Industry in Chicago. This event starte 


, 
tne 


the great race of industrial progress in America—a progress 


which has been paced by the dynamic automotive industrv. 


To commemorate this Golden Jubilee of the automobile, 


the Museum of Science and Industry will recreate 
this race over the same course, with the same type cars. 


The time— Thanksgiving Day, 1945. 


WLU 


MAKES AMERICA GREAT 


An important contributing factor in the production of 
more and better things for better living has been the de- 
velopment in the use of cutting fluids and specialized 
lubricants. Thirty years before the first automoble race, 
the D. A. Stuart Oil Company began furnishing industrial 
oils to American industry. And ever since, this company 
has devoted itself exclusively to the job of making better 
cutting fluids and helping industry use them to greatest 
advantage. This long, valuable background, as well as the 
latest experience resulting from Stuart's close integration in 
the war production program, is at your service. In your 
plans for future progress, the Stuart organization would like 
to help you use cutting fluids to the best advantage. Invite 
an engineer to call on you. Write D. A. Stuart Oil 
Company, Limited, 2743 South Troy Street, 

Chicago 23, Illinois. 


p.A. Stuart [Jil co. 


A 


. Very Bar 
f pa 


¢ 
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Nickel in the 8.29 


(From p. 1148) of their 
There are scores of me 
alloys used on a B-29 rang 
platinum and silver to iro) 
alloys, for instance, are f{ 
over the ship. 

Nickel alloy steels, nick 
num alloys, and nickel a] 
iron are found in the engin: 
elaborate electrical circuit 
various types of nickel alk 
with high electrical cond 
some with high electrical 
ity, and others with specifi 
cients of expansion. Navigation 
and operational controls li} 
demand a wide combinati 
Strong, col 
resistant, non-magnetic alloys suct 
as K-Monel are essential for som 
uses. Inconel and chromium-nicke| 


properties. 


stainless steels are used for exhaust 
systems where resistance to exhaust 
gases up to 1600° F. is required. 

Turbo-superchargers are expose 
to cold air and hot gases at over 
1200° F. Stainless steel, Inconel an 
Ni-Resist cast iron are used in their 
construction. Stainless steels ar 
also used for fire walls, cowlings 
and engine nacelles to give protec 
tion against the heat of the engines 
the hot exhaust flame, and to avoi 
fire hazards. 

The landing gear assembly 
including parts made of 2% nickel 
chromium-molybdenum steel, cat 
burized 34% nickel steel, and 18-8 
welded with stainless steel, takes 
terrific punishment. The _ brakes 
are made of a _ nickel-chromiu 
molybdenum cast iron centrifugall) 
cast against a steel shell, and 
resist heat checking, galling 
frictional wear. 

The first frame for the noses 
was made of a cast light weight 
alloy but proved unsatisfactory) 
from a production angle. The solu 
tion was found in a welded fram 
of a 1.5% nickel-chromium-moly> 
denum steel. Not only was the yie! 
strength increased from 17,000 ps 
to 135,000 psi. but considerably 
greater reliability in productio! 
was obtained. 

Inconel spring wire is used ! 
the cabin heating system whilt 
Monel bars provide the basi 
for electric circuit breakers. 
is used for the fuel line st 
Among the largest high nick 
parts is the lubricating oil 
with a Monel shell and copp 
ing tubes. The assembly m 
requirements of ease of f 
welding, and soft soldering 
as resistance to corrosion. 





